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EXECUTIVE SUMMARY

. Background and Introduction

A vast watershed connects the mountain streams surrounding California’s Central
Valley with San Francisco Bay and the ocean beyond. Over the course of the last two
centuries, much of the natural productivity, biodiversity and ecological integrity of the
watershed has been destroyed by modifying the environment without fully
understanding the long-term environmental consequences. Long the site of some of the
nation’s most intensive conflicts over the use of land and water resources, this system is
now emerging as the focus of one of the most ambitious ecological restoration efforts
ever undertaken in the United States.

This report was designed to provide a coherent and defensible ecological framework and
information base for restoration. The need for such an historical, broad-scale
perspective on system ecology stems from two fundamental principles of ecological
restoration - the need to manage toward a natural template and to manage at ecosystem
and landscape levels.

(1) Manage toward the natural template. Natural conditions and
processes shaped the life history requirements of native species. While we
may not fully understand the requirements or inherent adaptability of any
particular species, we do know that these were closely tied to the historic
attributes and variability of the systems in which they lived and evolved.
Therefore, this report attempts to provide a description of the natural
ecosystem. The period prior to 1850 - a time before the system was
significantly altered by human activities - was chosen as the basis for the
“natural” undisturbed watershed. Comprehensive restoration in the
truest sense of the term - a return to pre-disturbance conditions - is not a
realistic goal, or even a possibility, for most of the watershed.

Nonetheless, careful consideration of environmental conditions at a time
when the system was in a relatively undisturbed state provides a
necessary baseline from which to develop the conceptual framework and
practical tools necessary for effective restoration and management
planning at the ecosystem and landscape levels.

(2) Manage at ecosystem and landscape levels. The basic conservation
and management unit for aquatic systems should be an area large enough
to support self-sustaining populations of native species. Ecosystem and
landscape-level approaches to restoration/management efforts focus
upon large-scale spatial areas, and the habitats contained within. This
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fundamentally differs from species-level efforts, which instead are based
upon attempts to identify and address the “needs” or “limiting factors” of
particular species. Broad-scale, area-based approaches address a number
of essential conservation needs that single-species approaches do not.
They provide a means to protect species about which little is known, and a
means to protect a wide variety of species while they are still common.
Nonetheless, it must be emphasized that broad ecosystem-level
conservation strategies and restoration programs are meant to complement
rather than replace species-level conservation strategies. Both are necessary
to address conservation needs.

To provide the information necessary to support restoration efforts, this report
addresses four fundamental areas:

(1) The natural system prior to 1850 is described in Chapter 2,
(2) Changes to the natural system are documented in Chapter 3,

(3) The resulting ecological response and contemporary system are
described in Chapter 4, and

(4) Recommendations for guiding system-wide restoration efforts are
presented in Chapter 5.

Il. The Watershed: Two Centuries of Change

The watershed is far too large and ecologically heterogeneous to be considered a single
ecosystem in the usual sense of the term. Rather, it is more appropriately (for
management purposes) considered a mosaic of a number of different ecosystems that
are integrated into a larger landscape. The watershed (and this report) are divided into
five separate aquatic ecosystems -- upland river-floodplain, lowland river-floodplain,
the Delta, San Francisco Bay, and the nearshore ocean. This report addresses only
aquatic ecosystems, because the impetus for habitat restoration in this system is to
provide habitat for declining fishes. The report also focuses on the lowland-river
floodplain and the Delta because these are the current targets of most restoration
activities. Other habitats not directly connected to these principal aquatic ecosystems,
such as lowland prairies or mountain forests, are not addressed. This report documents
each of these aquatic ecosystems and factors causing their decline using eyewitness
accounts, scientific investigations, historic maps, and local and regional histories.
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Executive Summary

The Sacramento and San Joaquin Rivers collect water from a vast drainage area,
stretching from the Cascades to the Tehachapi, and from the Sierra to the sea. These
rivers first begin to mix with ocean waters in the Delta. From there, water flows into
and through a series of large embayments collectively known as greater San Francisco
Bay. The estuary discharges to the Pacific Ocean through the Golden Gate. This aquatic
“circulatory system” is the life blood of the five major, interactive aquatic “ecosystem
types” described in this report.

The natural landscape and associated biological communities have been drastically
altered by California’s population boom of the last 150 years. Harvest of plants and
animals, the introduction of exotic species, livestock raising, farming, mining,
urbanization, development of navigable waterways, flood control, and the
redistribution of water resources have altered the landscape and its native biota in
many ways, both directly and indirectly. The precise linkages and mechanisms that
have mediated any particular population or species-level change are unknown in many
cases, but in total the effects of these combined human interventions on system ecology
is staggering. The most severe of these are summarized below, at both the landscape
and ecosystem levels.

I1LA. A Watershed-Scale Perspective

Under natural conditions, flood waters in the lowland Central Valley spilled over
natural levees and coursed through an intricate network of distributary sloughs into
vast tule marshes that flanked the main river channels. Enormous flood plains and
natural flood basins functioned similar to reservoirs, filling and draining every year.
This delayed the transmission of flood flows, reducing peak flows and velocities, and
increased summer flows as the waters spread out over the floodplain slowly drained
back into the river later in the year. At the watershed scale, changes in system
hydrology appear to have had the greatest and most pervasive effects. These changes
include reclaiming the marshes to make way for agriculture, replumbing the entire
valley to control flooding, and constructing one of the largest water delivery systems in
the world. These changes, along with more localized interventions, have substantially
altered the ecology of each of the watershed’s aguatic ecosystems, as summarized
below.

Native vegetation was the first casualty of the rapid growth that followed in the wake
of the Gold Rush. Riparian forests or woodlands occurred along virtually all of the
streams and rivers of the Central Valley, including the broad natural levees of the
Sacramento and Feather Rivers. These forests and woodlands were the most accessible
woody vegetation on the valley floor and were rapidly used for fencing, lumber, and
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fuel by early settlers; they were also cleared to make way for farms. By the 1880s, a
significant portion of the riparian forest had been harvested.

The freshwater marshes, which stretched from Willows to Bakersfield in a continuous
swath of green, were nestled in river bottoms, in the Sacramento Valley flood basin, and
in the Delta. They proved more intractable to the plow and engineering prowess than
the riparian forests and did not succumb to the advance of civilization until the turn of
the century. These marshes originally functioned as vast floodplains that were
inundated by the tides in the Delta and overbank flooding in the Sacramento and San
Joaquin Valleys, and were sustained throughout the year by an intricate network of
sloughs that connected them with the main channels. The Delta marshes with their rich
peat soil were reclaimed first. The valley marshes were not reclaimed until natural
flooding was controlled in the 1920s by the complex system of weirs and bypasses that
now drain the Central Valley, dredging technology and engineering skills advanced,
and state laws were passed to finance and organize reclamation districts to carry out the
work on a large scale. Most of the marshes were under cultivation by 1930, ushering in
the rush to supply water to the farms and cities that replaced them.

Today, this once richly-endowed landscape is crisscrossed with a maze of aqueducts
and canals that deliver water to farms and cities where formerly wildlife thrived. This
“aqueduct empire,” comprising some 31 million acre feet of reservoir storage, 100,000
groundwater pumps and 1,300 miles of aqueducts and canals, redistributes and
transports 30 million acre feet of water every year, and together with marsh reclamation
and flood control, has transfigured the “circulatory system” of the watershed. Almost
no natural floodplain storage remains. Nearly every major waterway draining the
encircling mountains has been interrupted by a series of dams, in most cases
terminating in the foothills in a large “terminal” storage reservoir. These have
disrupted wetland and riparian corridors and their native fishes and wildlife that
formed the natural biological links among aquatic ecosystems. The main changes
evident below the terminal storage dams are a pronounced reduction and temporal
shift in flows, reduced monthly and inter-annual variability, and shifts in water quality.
Average winter/spring flows are now substantially lower, and summer/fall flows
slightly higher than they were under natural conditions, except in those drainages,
particularly in the San Joaquin and Tulare Lake Basins, where much of the flow is
diverted into canals.

On a valley-wide basis, the volumes of large floods remain largely unchanged, although
only in very heavy snowpack years do flood flows approach historic levels in the San
Joaquin Valley. Rather than regularly spilling out onto floodplains, flood flows today
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are instead confined to riprapped and artificially leveed river channels (or bypass
channels) and quickly conveyed out of the river systems and into the lower estuary and
the Pacific Ocean.

In addition to hydrologic changes, sediment transport through the system has been
greatly altered. Sediment delivery rates for the upland rivers of the heavily-mined
basins remain two to eight times greater than natural, and large deposits remain in
some channels from hydraulic mining in the 19th century. Today, rivers below the
dams have no source from which to replace sediments removed from their channels.

11.B. Upland River-Floodplain Systems

Riparian forest was naturally distributed along most of the entire length of upland river
and stream channels, supporting highly diverse assemblages of insects, amphibians,
reptiles, birds and mammals. There has been a widespread and substantial loss and
degradation of riparian zones throughout the region. Perhaps as many as 25% of the
species dependent upon riparian habitat of the upland region are now at risk of
extinction.

It has been estimated that due to dams and other barriers, about 90% of historical
salmon spawning habitat in the Sacramento-San Joaquin system is no longer accessible
to these fishes. The amount of large woody debris in streams, which normally
originates in nearby forests, has declined markedly throughout much of the Sierra,
degrading in-stream habitat by reducing complexity. Non-native fishes are now
widespread and abundant throughout much of the upland system, and continue to
adversely affect the distribution of a wide range of native species.

Water quality problems plague much of the upper watershed. Downstream of dams,
altered channel morphology and benthic sediment characteristics, as well as elevated
turbidity and temperatures are widespread. Mining, logging, urbanization, and
recreational use have increased sediments, nutrients, and bacterial and chemical
pollution of once pristine mountain streams.

11.C. Lowland (Alluvial) River-Floodplain Ecosystems

Under natural conditions, vast riparian forests teeming with wildlife inhabited natural
levees along every stream channel in the Central Valley, stretching like a green ribbon
for miles on both sides of the channel in some areas. Permanent marshes, choked with
tules, dotted with lakes, and crisscrossed with distributary sloughs, nestled between the
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riparian forests and oak woodlands/savannas and vernal pools that stretched across the
plains as far as the eye could see.

This report estimates that there were about one million acres of potential riparian
habitat, about 900,000 acres of tule marsh, and 415,000 acres of vernal pools in the
Sacramento and San Joaquin Basins alone, and additional unquantified acreages of oak
woodland/savanna. Huge expanses of this vegetation were also present in the Tulare,
including some 477,000 acres of tule marsh and 256,000 acres of riparian oak woodland
in the Kaweah delta alone. Today, this vegetation has been almost entirely lost, mostly
converted to agricultural production. Less than 5% of historical wetlands, 11% of
vernal pools, and about 6% of the riparian zone remain in a quilt of disconnected
patches too small to sustain dependent species. Remaining patches of riparian forest,
for example, exist as narrow, fragmented corridors less than 100 yards wide, and only a
small fraction of those are in nearly pristine condition.

The naturally meandering rivers described above are today generally constrained in
straightened leveed sections. Confinement of the main channel between riprapped
levees eliminated most meander cutoffs and oxbows, pool/riffle sequences, sunken
woody debris and other habitat complexities. Water quality remains severely
degraded, due to the combined effects of inactive mine discharges and urban and
agricultural runoff. The Tulare Basin lakes are but a faint memory, having been
converted to agriculture and hydrologically disconnected from the east side tributaries
and San Joaquin River, except in unusually wet years. Floodplain habitat that
supported this landscape has been dramatically altered. Most of the natural flood
basins are now effectively isolated from the river, except during major floods. Once
miles-wide active floodplains are now limited to narrow terraces between levees and
flood bypass channels.

Herds of large mammalian herbivores - deer, antelope and elk - and their mammalian
predators once depended upon the forests and marshes. They have been reduced to a
few scattered remnant populations, as have many of the small mammals that typically
occupied these habitats. Birds have been particularly hard-hit, with many once-
common species now reduced to remnant populations or extinct. Waterfowl no longer
blacken the skies above the Central VValley marshes. Fish populations have dramatically
declined due to a long succession of assaults, including marsh reclamation, hydraulic
mining, pollution, flood control, and water resource development. The lowland rivers
are now dominated by introduced species rather than native fish assemblages.
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I11.D. The Delta

Prior to 1850, the Delta was probably the richest ecosystem of the watershed in terms of
abundance and diversity of game animals and birds. It was largely a vast, sea-level
swamp, composed of huge tracts of intertidal wetlands transected by a complex
network of waterways. The Delta of today bears little resemblance to its historical
condition. Today, over 95% of the original 550 square miles of tidal wetlands are gone.
Many miles of tidal sloughs no longer exist, nor does most of the riparian vegetation
that once bordered the larger waterways. In its place is a patchwork of intensely-
farmed “islands,” riprapped and elevated levees, straightened and deepened channels,
permanently flooded remnants of former wetlands now too far underwater to allow the
re-establishment of emergent vegetation, and the center of one of the largest man-made
water delivery systems in the world. Massive State, Federal, and local agency pumping
plants, and over 1,800 unscreened agricultural diversions now transfer water, fish and
drifting estuarine life out of the aquatic environment.

Pollution in the Delta is a serious concern today, because it is a source of drinking water
and is occasionally toxic to aquatic organisms. Delta waters contain elevated
concentrations of pathogens, pesticides, trace metals, salinity, and organic carbon which
is a disinfection by-product precursor.

The combination of habitat loss and successful invasion by a virtual army of non-native
species has almost completely obliterated the Delta’s native biological community.
Benthic assemblages are dominated by non-natives. The native resident fish fauna has
been replaced by a largely introduced assemblage. Two of the three historically
dominant fish species are no longer found here. Waterfowl, once extremely abundant
in the Delta’s tidal marshes, are now drastically reduced in numbers. Of the diverse
and abundant native mammalian assemblage formerly found in the Delta, only a few
aquatic species - otter and beaver , along with the raccoon - are still seen, though in
vastly reduced numbers and at scattered locations. Nutrient and energy sources, and
food webs have been greatly modified.

I1.LE. Greater San Francisco Bay

San Francisco Bay has undergone major habitat alterations over the course of the last
two centuries. About 75% of the estimated 242,000 acres of highly productive native
tidal marshes and mudflats has been converted to a variety of urban/industrial uses,
altering trophic dynamics and food webs. Native biological assemblages of the Bay
have been drastically altered by a combination of overharvesting, habitat loss and
degradation, pollution, and the introduction of exotics. The topography of the Bay floor
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continues to be periodically disturbed by dredging to maintain shipping channels.
Changes in upstream hydrology and erosion, sediment transport and deposition rates
have affected sediment types and distribution - and therefore benthic invertebrate
assemblages - throughout the Bay.

II.F. The Nearshore Ocean

Most substantive interactions (regular exchange of water, nutrients, and organisms)
between the nearshore ocean and the rest of the watershed are concentrated within a
comparatively restricted area near the Golden Gate. Some oceanic processes or events
may occur beyond these boundaries that influence watershed ecology. These may
include, for example, changes in oceanic conditions such as temperatures, currents, and
water quality that affect the migration patterns of anadromous fish or marine density-
dependent mechanisms, such as food supplies or predation, that limit populations.
However, while these are generally considered well beyond the scope of practical
management or restoration efforts, they must be recognized to understand the probable
success of restoration efforts.

Shoreline habitats throughout the region have been severely modified in many cases.
Pollution offshore is generally not high relative to inshore coastal sites of Central
California but nevertheless exists from historic dumping. Over-harvesting of once-
plentiful abalone and other shellfish has undoubtedly affected rocky intertidal
communities. Ocean harvest of salmon has steadily increased at a rate of about 0.5%
per year for the last 40 years, for a total increase of about 20%.

I11.  Applications: Building a Practical Framework for Ecosystem
Restoration and Management

Restoration efforts in this highly developed and populated watershed must necessarily
reflect a compromise between conflicting needs. Ensuring the long-term protection of
the watershed’s ecosystems and habitats requires comprehensive, ecosystem-level
efforts. The comprehensive restoration of the entire geographic range of the watershed is
neither feasible nor desirable. It is incompatible with the needs of 30 million human
inhabitants of the state, needs which also must be met. Further, the degree of
disturbance and (in some cases) irreversible changes in the watershed render it
technically and economically unfeasible to undo two centuries of unchecked damage.
What then might be the strategic solution to this apparent conflict? Two fundamentally
different options are available: A limited number of particularly desirable ecological
characteristics (e.g., increased population levels or production) can be rehabilitated.
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This approach, called partial restoration or rehabilitation may provide substantial
“ecological benefits even though full restoration is not attained” (NRC 1992). Alternatively,
comprehensive restoration to full ecological integrity throughout the watershed can be
attempted.

Planning efforts to date suggest that only a combination of both approaches - full-scale
restoration at selected sites, and rehabilitation throughout the entire watershed - will
achieve the diverse long and short-term biological conservation/resource enhancement
goals encompassed by the CALFED program in a manner compatible with current and
projected human population levels and their resource needs.

IV. Concluding Recommendations

This report examines the ecological history of the Bay-Delta-River watershed, and
considers alternative strategic approaches to ecological restoration that might lead to
long-term protection of the system’s native species, ecological structure and function.
Based upon these analyses, we make the following broad recommendations:

(1) An ecosystem approach to natural resource restoration and
management is the most effective available means to meet the need for
long-term protection of ecological integrity and biodiversity within the
watershed. Specific long-term restoration actions should be primarily
(although not exclusively) aimed at enhancing and protecting essential
ecosystem processes and structural features. This approach must be
complemented with efforts that address the immediate needs of
threatened and endangered species. The granting of protected status and
preparation of recovery plans for individual species must remain a viable
tool in our comprehensive species protection strategies.

(2) A restoration strategy should be adopted to assure a connected
network of representative areas of each of the ecosystem and habitat types
defined herein.

(3) Flows, sediments, and water quality conditions must be adequate to
support essential ecosystem functions. Sufficient connectivity must be
provided among restored sites to allow the natural migration and
movement of wide-ranging species.

(4) New restoration/management actions must address the needs of
surviving remnant populations.
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Adopting the recommendations of this report will not resurrect the rich, complex,
undisturbed ecosystems of the San Francisco Bay-Delta-River system of 200 years ago.
Nonetheless, applying an understanding of “natural” watershed ecology will serve as
an invaluable guide to comprehensive restoration. The most successful restoration
program for this watershed will ultimately be one that applies the precepts of modern
restoration ecology within the practical limits of resources available and the constraints
set by other legitimate societal needs. Such efforts - properly designed and executed -
have the capacity to protect, restore and sustain native ecosystems, and the full range of
remaining native plants and animals that depend on them. They will also reduce
conflicts over protection of endangered species, provide for more economically and
environmentally sound flood management, enhance recreational opportunities, ensure
high water quality for urban and industrial uses, and create an aesthetically more
pleasing environment. It is our best opportunity to preserve the unique ecological
heritage of California’s Bay-Delta-River watershed for ourselves and future generations.
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CHAPTER ONE
Introduction

l. Background

A vast watershed connects the mountain streams surrounding California’s Central Valley
with San Francisco Bay and the ocean beyond. Long the site of some of the nation’s most
intensive conflicts over the use of land and water resources, this system is now emerging
as the focus of one of the most ambitious ecological restoration efforts ever undertaken in
the United States. Millions of years of tectonic forces, erosion and changing sea levels
created the basic physical features of this landscape, and the ecological opportunities that
eventually resulted in the biologically rich and unique complex of aquatic ecosystems that
developed here during the last ten thousand years. Over the course of the last two
centuries however, much of the natural productivity, biodiversity and ecological integrity
of the watershed has been destroyed as people began to increasingly modify the
environment without fully understanding the long-term consequences of their actions.
Only recently has it come to be fully appreciated that the resultant habitat loss and
degradation have caused losses of native species that may proportionately exceed those
occurring in some of the world’s tropical rain forests (Moyle and Williams 1990).

An unprecedented opportunity now exists to begin to reverse these negative trends. In
1995, the Federal government and the State of California initiated a three-year program to
develop a long-term comprehensive plan that will restore ecological health and improve
water management for beneficial uses of the Bay-Delta system. Recent legislation and
agreements, including California’s Proposition 204, the Bay-Delta Accord of 1994, and the
Central Valley Project Improvement Act of 1992, have authorized the expenditure of over a
billion dollars to begin the task of restoring the Bay-Delta-River system. This report is
intended to assist those efforts by providing a conceptual overview and framework of
natural ecological structure, function and organization of the watershed, and an historical
perspective on the way this has changed over the last two centuries.

Il.  General Approach of the Report

Planning and management efforts directed towards comprehensive restoration and long-
term protection of complex ecosystems require a basic understanding of the natural
structure, function and organization of the systems addressed, even if these conditions are
no longer attainable. Such understanding is an essential prerequisite to assessing and
monitoring the ways and degree to which target sites now diverge from a “healthy” or
“natural” condition (i.e., one that we know sustainably supported high abundances and
diversity of native species). This in turn facilitates (1) identification of restoration actions
essential to program success, and (2) measurement of progress towards desired system
states after restoration actions have been undertaken.
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This effort recognizes that comprehensive restoration in the truest sense of the term - as a
return to pre-disturbance conditions - is not a realistic goal, or even a possibility, for most
of the watershed. Nonetheless, careful consideration of environmental conditions at a time
when the system was “healthy” (i.e., in a state we would deem desirable, even if not once
again fully attainable) provides a necessary reference baseline from which to develop the
conceptual framework and practical tools necessary to effective restoration and
management planning at the ecosystem and landscape levels.

To meet the most fundamental information needs of such programs, this report addresses
four pivotal questions:

(1) What is an appropriate and practical conceptual framework of
ecosystem structure and organization (i.e., ecological typology) for purposes
of managing and restoring the system’s natural resources?

(2) Within that framework, what essential structural and functional
ecological attributes of the system define natural ecological “health” or
integrity of the system?

(3) What types of human interventions have substantially modified these
identified attributes over the course of the last two centuries, and in what
ways, and to what degree, have the attributes been altered?

(4) How might the answers to the above questions best be practically
applied to guide restoration planning efforts?

In attempting to answer these questions, this report summarizes and integrates available
historic and current geological, hydrological and biological information to describe past
and present conditions of this system. Discussion and analysis are focused at the large-
scale, ecosystem level of ecological organization because, “The interconnections among plants,
animals, and physical features...are so complex that modification of one component automatically
affects all the others to a greater or lesser degree...the only level of ecological theory that will
ultimately provide the necessary guidance to management is a theory of ecosystems” (Cooper 1969,
p. 310). Thus, effective long-term species protection mandates “preventative rather than
reactive management, and a focus on landscapes rather than populations.” (Angermeier and Karr
1994, p. 690).

The term *“ecosystem” is used in this report in its modern restoration/management
application - as a defined, ecologically distinctive geographic area occupied by a characteristic
biological community. By definition then, an *“ecosystem level”” approach to restoration/
management refers to efforts primarily aimed at identifying and addressing, in the
aggregate, suites of key attributes (both biological and abiological) of spatially defined areas.
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This fundamentally differs from species-level efforts, which instead are based upon
attempts to identify and address the “needs” or “limiting factors” of particular species.
The geographic scope of such species-focused efforts does not change the underlying basis
of the approach - even if spread across extensive portions of a landscape, they should not
be confused with or mistaken for ecosystem-level efforts, which fundamentally differ in
character and depend upon a quite different information base, as summarily described
above.

Ecosystem-level approaches address a number of essential conservation needs that single-
species approaches do not; they provide a means to protect species about which little is
known, and a means to protect a wide variety of species while they are still common.
Nonetheless, it must be emphasized that broad ecosystem-level conservation strategies and
restoration programs are not designed to, and should not be expected to, provide a
disproportionate advantage or immediate benefit to any particular species. These are
meant to complement rather than replace species-level conservation strategies, and most
workers would agree that both are necessary to address conservation needs. Thus, more
highly-focused, species-oriented efforts must remain a viable option in our species
protection strategies. It is our contention, and an underlying organizing principle of this
report, that addressing fundamental environmental problems at the ecosystem scale is an
absolute prerequisite to the long-term success and ultimate effectiveness of either broadly
focused (i.e., long-term biodiversity protection) or narrowly focused (i.e., species recovery,
population enhancement) restoration efforts at any and all geographic scales.

The watershed of California’s Central Valley represents a landscape - an ecological unit of
considerably greater scale and ecological heterogeneity than that of a single ecosystem as
defined above. Rather, it may be considered a mosaic of different “ecosystems” that are
functionally and structurally integrated to varying degrees. It is at these larger scales that
this effort is focused.

The habitats and species that constitute the watershed’s ecosystems must be considered in
the broader context of the underlying geomorphic, hydrologic, and ecological processes
that created and maintain them. There is increasing consensus among restoration
ecologists and conservation biologists that without adequate support at the ecosystem level
(as defined herein), the results of restoration actions at any level are likely to be less
sustainable or effective.

Because restoration “should address the causes and not just the symptoms” of ecological
degradation (NRC 1992), restoration actions are generally more properly focused upon
direct manipulation of the underlying abiological (“physical’’) factors that are most
instrumental in ultimately determining and sustaining the ability of the system to support
native species and communities. Restoration actions should be chosen and specifically
designed to properly manipulate those factors that, in concert, create the right conditions
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(ecological opportunities) that will promote biological goals, rather than for the purpose of
attempting to directly manipulate biological variables themselves. Once provided,
biological processes will naturally proceed to once again translate such opportunities into
functional ecosystems that may be reasonably expected to approximate (but never
duplicate) past or present expressions of the same ecosystem type. As Berger (1990)
pointed out, “all restorations are exercises in approximation and in the reconstruction of
naturalistic rather than natural assemblages of plants and animals with their physical
environment.”

I1l. Methods

The information base developed and presented here was compiled from a variety of
information sources - narrative accounts, drawings, sketches, and maps of early explorers
and settlers of the region, historical compilations and analyses performed by other
workers, and the results of modern examinations of remaining fragments of natural
habitat, surface geology and soils, and paleoecological studies. Several thousand sources
of information on the historic and current biology, ecology, history, geomorphology, and
hydrology of the watershed were briefly considered, and the most useful of these were
more carefully reviewed, and appropriate information extracted and summarized.

The bulk of this report summarizes available information on the natural structure and
function of the different kinds of ecosystems that make up the watershed, and the ways in
which these systems have been altered by human intervention. What might constitute the
most appropriate time frame from which to derive a useful comparison of historical (i.e.,
natural) versus current system ecology? For most of its geologic history, the watershed
was an unusually dynamic environment; thus, probably no single restricted period (e.g.,
century) might properly be considered “representative” of this complex system as it
existed for thousands of years. For several practical reasons, the period around 1850 was
chosen as the basis for the characterization developed here of the “natural” or “historic”
watershed. Prior to 1850, this landscape was comparatively undisturbed by human
activity. That period marks the point in central California’s history just prior to the
population explosion and rapid proliferation of environmentally destructive activities that
soon followed the discovery of gold in the region. Also, it is the earliest historic period for
which we have a sufficient body of recorded information (narratives, maps, drawings, etc.)
from which to build an overview description of system structure and function even
partially based upon direct observation. Finally, historic accounts provide ample
documentation of the healthy, rich, and diverse biological communities occupying the
region circa 1850. Therefore, conditions that existed at that time are, from a
restoration/management perspective, considered a desirable “target state”.
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Several original analyses were performed as part of this effort. These included calculations
of habitat area, and a rough water balance for freshwater outflow from the system. The
techniques and data sources used in these analyses are briefly described in conjunction
with the presentation of their results in Chapters Two and Four. Spatial descriptions of
ecosystems and habitat types were mapped in Geographic Information System format to
the extent allowed by available data. A brief Appendix describes the relevant technical
information associated with this data base.

IV. Report Organization

The report is organized into five chapters. Following this introduction, Chapter Two
provides a broad overview of the natural ecology of each of the watershed’s ecosystem
types. Discussion of each of the system’s component ecosystem types is organized within
a framework of structural features (habitats and biological assemblages) and processes
(hydrological, geomorphic and ecological). Chapter Three discusses the major kinds of
human interventions that have substantially altered the ecology of the watershed during
the last two hundred years. Chapter Four describes the major documented ecological
changes wrought by the net effects of these interventions on each of the watershed’s
ecosystem types described in Chapter Two. Chapter Five utilizes the information
presented in earlier chapters to outline a recommended strategic approach to restoration in
the Bay-Delta-River watershed by integrating modern principles of applied restoration
ecology with the findings of this report. This concluding chapter also demonstrates ways
in which the information base developed here might be translated into some practical and
highly useful restoration/management planning and evaluation tools.
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CHAPTER TWO
Ecosystems of the Watershed - Natural
Structure, Function and Organization

l. Introduction

This section summarizes and synthesizes available information on the “natural” (i.e.,
pre-disturbance) ecology of the aquatic portion of this ecologically diverse watershed.
The aquatic portion of the watershed either contains standing or flowing water for part
or all of the year, or is directly dependent on that condition. From either an ecological
or a practical management perspective, the Bay-Delta watershed is far too large,
complex and biologically heterogeneous to be treated as a single ecosystem in the usual
sense of the term. It is probably more productively viewed as a mosaic of distinctive but
interrelated ecosystem types, interconnected by the movement of water, sediments, and
animals into the larger landscape referred to in this document as “the watershed.” The
summary overviews presented here of the ecology of each of the ecosystem types were
created through analysis and integration of historical information, modern studies of
remnant portions of the native systems, and inference from investigations of
ecologically similar “reference” systems occurring elsewhere.

Five different aquatic “‘ecosystem types” - two fresh water, two estuarine and one marine -
are distinguished and described below. Freshwater systems include two distinctive types
of river-floodplain systems - upland (mountain) and lowland (alluvial). The estuarine part
of the watershed consists of an upper portion - the Sacramento-San Joaquin Delta, along
with the lower estuary - greater San Francisco Bay. A legal (but ecologically arbitrary)
boundary near Chipps Island separates the two. The marine portion of the system is a
proximate portion of the nearshore ocean just beyond the Golden Gate, encompassing an
area referred to as the Gulf of the Farallones. Figure G1 shows the distribution of the five
ecosystem types.

For practical reasons, the structural make-up of the ecosystem types discussed is described
in terms of component sub-units called habitat types, defined here as structurally and
biologically distinct subdivisions of ecosystems that maintain substantial interactions with other
such ecosystem components. For example, lowland river-floodplain “ecosystems” are
considered mosaics of riverine, riparian, and wetland habitat types. Each kind of area is
occupied by a somewhat distinctive resident biological assemblage, but also fulfills part of
the habitat requirements of more wide-ranging species of the ecosystem, and also regularly
exchanges both organisms and non-living materials with other habitat types. This use of
the term “habitat” clearly differs from its other common connotation - the living space
used by a particular species - which is, in most cases, unigue to that species, and
represented by either a limited portion of a single habitat type (in the sense of the term as
defined above) or, alternatively, portions of a number of adjoining habitat types.
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Thus, the “habitat” of a particular species is generally not a readily definable, recognizable,
or practically managed geographic unit.

1. Environmental Context

I1LA. The Geographic Context

The aquatic ecosystems of the watershed drain nearly 61,000 square miles, or 42% of
California’s land area. This area encompasses the Central Valley, the Sacramento-San
Joaquin Delta, and greater San Francisco Bay (Figure G1). The Central Valley comprises
a large basin bounded by the Sierra Nevada and Cascade Range on the east, the Coast
Ranges on the west, the Klamath Ranges on the north, and the Tehachapi Range on the
south. Itis divided into two major valleys - the Sacramento Valley in the north and the
San Joaquin Valley in the south - which are drained by the Sacramento and San Joaquin
Rivers. The southern third of the San Joaquin Valley (Tulare Lake Basin) is
geomorphically and hydrologically distinct, and exchange of surface waters between
the two basins is usually limited to periods of high flow.

The freshwaters that drain the Central Valley first encounter saline waters pushed
inland by ocean tides in a large, complex system of wetlands and waterways that
encircle and radiate from the mouths of the Sacramento and San Joaquin Rivers. This
area is referred to as the Delta, and forms the upper portion of the estuary. From the
Delta, waters draining the Central Valley flow into four large embayments (Suisun, San
Pablo, Central, and South Bays) collectively known as greater San Francisco Bay, and
also referred to here and elsewhere as the “lower” estuary. The estuary discharges to
the Pacific Ocean through the Golden Gate.

I1.B. The Geologic Context: Formation of the Watershed

The broad-scale topography of the estuary’s watershed was formed by 240 million years
of tectonic and erosional forces acting upon a young continent. The subduction of the
eastward-moving edge of the Pacific plate along with tectonic uplift along the eastern
boundary of the Sierra Nevada range have been the major forces shaping the large-scale
features of this landscape. These processes raised two mountain ranges - Coast and
Sierra Nevada - that define the east and west margins of the Central Valley. These
ranges differ substantially in composition and mean elevation. The lower, coastal
mountains to the west are primarily composed of sedimentary rock, formed by the
crumpling and uplift of marine sediments skimmed off the top of the Pacific Plate
during its subduction under the North American plate. The higher Sierra Nevada
mountains to the east were formed by the upwelling and slow cooling of molten
minerals from the earth’s mantle, which crystallized to form granite. The low
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mountains formed by this upwelling granite were uplifted along a series of faults
bordering the range’s eastern margin, raising the mountains to their current height.
Between these two ranges, a structural trough formed the Central Valley. During the
millions of years of its evolution, the valley was alternately flooded by coastal seas, and
exposed as a basin surrounded by slopes that collected and drained the watershed.
Thus, alternate layers of coastal marine and alluvial sediments eventually deposited to
depths of 50,000 feet (Page 1986).

Although the general underlying geological structure of the watershed we know today
was defined by about 2 million years ago, many topographic features changed
dramatically with the advance and retreat of the great ice sheets of the Pleistocene
epoch, which extended from 2 million to 15 thousand years bp (before present). During
each glacial episode, sea level dropped several hundred feet, exposing much of the
continental shelf and draining what remained of the shallow inland sea that had filled
portions of the Central Valley. This reduction in sea level, combined with tectonic
uplift, caused the major rivers of the Central Valley to incise deep channels. Their
combined outflows traversed a deep gorge through the Coast Range (today’s Golden
Gate), and then flowed across a coastal plain that extended out to the Farallon Islands.
During this same period, the movement of ice also shaped the alpine terrain of the
Sierra and Klamath ranges, while the subduction of the Pacific Plate formed the chain of
volcanoes we now know as the Cascades. The southern end of this chain extends into
the Central Valley, and now forms the Sutter Buttes.

Most of the alluvial sediments comprising the valley floor were derived from the Sierra
Nevada, as a result of repeated glaciations. The ice sheets of the last ice age removed
most of the soils above 5,000 feet in elevation. At that time, glaciers filled the upper
valleys, where they typically formed extensive moraines (deposits of heterogeneous
ground-up rock) at their termini. As the glaciers melted, these moraines eroded and
washed downstream, eventually depositing as a series of coalescing alluvial fans along
the east side of the Central Valley. As the slope of the Sierra continued to increase as a
result of rapid uplift during the Pleistocene epoch, stream power increased and
channels cut deep valleys through the glacial deposits. While the Coast Ranges were
lower in elevation, sediment delivery from these mountains was proportionately much
higher than that from the less erodible granite of the Sierra Nevada. This resulted in the
deposition of large alluvial fans along the westside tributaries.

About 15,000 years ago, a climatic warming trend known as the “Holocene
Transgression” signaled the final retreat of the Sierran glaciers. Rapid melting
continued for about 9,000 years, causing global sea level to rise at a rate of
approximately 20 mm/yr (Atwater et al. 1979). The major sedimentary features of the
watershed were formed during this period. River channels deposited large amounts of

2-3



From the Sierra to the Sea

sediments, building new channels and floodplains within their entrenched valleys and
resulting in the remarkably flat and uniform floor of the Central Valley. The rising
ocean first inundated a coastal plain that is today’s continental shelf, and then
continued to intrude inland of the Golden Gate. By 10,000 years bp, San Francisco Bay
had started to form. By 6,000 years bp, tidal influence had extended into the Delta
(Atwater 1979) (Figure 11-A), and the general form and large-scale features of the
watershed we know today had emerged. Over the last six millennia, these features
continued to evolve through geomorphic, hydrologic and ecological processes into the
ecosystems described in this report.

I1.C. The Climatic Context

For most of its recent geological history, the watershed has exhibited a Mediterranean-
type climate with a pronounced cool, moist season in the late fall and winter, and a
warm, dry season from late spring through early fall. About 80% of the annual
precipitation normally occurs in the months of November through March. During the
summer months the lowland portion of the watershed may have no precipitation, while
upland portions of the higher, eastern ranges (Sierra, Cascades) commonly have
intermittent local thunderstorms.

The primary source of precipitation reaching the Central Valley is the seasonal
(November-March) progression of cyclonic (low-pressure) disturbances that move
onshore (eastward) from the Pacific Ocean. The strength and frequency of these
systems is largely determined by global oceanic/atmospheric circulation patterns.
Small-scale shifts in these patterns (such as the position of the Pacific high) translate
into pronounced variability in the timing and amount of annual precipitation received
by the watershed (Figure 11-B). In addition to the year-to-year variability (about 30% -
200% of average), there are decade-long shifts in precipitation and runoff believed
directly related to the relative strength of the El Nifio Southern Oscillation (ENSO) (Li
and Ku, 1997).

The instrumental record in California for the past 150 years indicates that there have
been periods of relative wetness (late 19th and early 20th century, and the mid-1930s to
the mid-1970s), relative dryness (1917-34), and periods characterized by wet and dry
extremes (1976-98). In the context of the last several millennia, the climate of the last
150 years is marked by its relative wetness and warmth, and lack of persistent extremes.
Stine’s (1990, 1996) and Graumlich’s (1987) climate reconstruction for the Sierra indicate
that the past century is the third wettest in the last thousand years. Within the last
millennium California also experienced what Stine (1994, 1996) describes as two
century-scale “epic” drought periods and a three century period prior to 1850 of
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Figure II-A
The Invading Estuary

|

15,000 Years Ago 10,000 Years Ago 5,000 Years Ago

(End of last Ice Age--sea level (Formation of Farallon Islands (Formation of Bay and Delta
approximately 400 feet below and intrusion into the Basins)

present level; rivers not shown) "Golden Gate")

125 Years Ago Today
(Landward edge of undiked (Includes changes due to
tidal marsh) hydraulic mining sediment

deposition, land reclamation,
and filling of wetland areas)

Sequential sea level rise created the Bay-Delta we know today.
Source: San Francisco Estuary Project, adapted from Atwater 1979
and Atwater et al. 1979.
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Figure 11-B
Annual Precipitation Variability
in the Central Valley Watershed
(1870-1997)
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Annual precipitation since the mid-19th century in the upland and lowland regions
of the watershed is represented by Nevada City and Sacramento, the two sites with
the longest reliable records. The substantial difference in the mean precipitation
between the two sites is due to the higher elevation and more northerly position of
Nevada City. High inter-annual variability and large departures from the mean are
typical of Central Valley watershed precipitation.

Data from compilation by J. Goodridge.
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abnormally cool conditions (by 20th century standards), in which glaciers formed and
advanced in the Sierra.

11.D. The Hydrologic Context

Topography, altitude and latitude are the controlling factors in the geographic
distribution of precipitation and thus runoff in the watershed. Topography creates local
and regional rain-shadows (an area of low precipitation on the leeward side of a
mountain range). A rain shadow is located on the eastern side of the Coast Ranges and
extends out over the Central Valley floor. As a result there is a general west to east
increase in precipitation across the valley floor. Average annual precipitation varies
from less than six inches in the Tulare Lake Basin to over 80 inches in the Cascade
Range. The western slopes of the Sierra-Cascade Range receive high amounts of
precipitation, and consequently contribute most of the runoff that flows into the
lowlands.

Precipitation generally increases with altitude, although records suggest that it reaches
a maximum somewhat below the crest, especially in the Central and Southern Sierra.
High elevation precipitation averages about 40-80 inches annually, with the higher
amounts in the northern part of the range and a general decline to the south (Kahrl
1979). This same trend is also evident in lowland precipitation. The Sacramento Valley
averages a little more than 20 inches of precipitation annually, while the Tulare Lake
Basin averages less than 8 inches. The general timing of precipitation also typically
varies with latitude. The wet season commences earlier and ends later in the northern
portion of the watershed, but proportionally greater amounts of precipitation fall in the
southern portion of the watershed somewhat later in the rainy season.

For the watershed as a whole, about 21% of the precipitation received is retained as
surface runoff and groundwater. The remainder is consumed by direct evaporation to
the atmosphere, and by plant transpiration (liquid water uptake by plants and
subsequent conversion into water vapor, transmitted through plant surfaces to the
atmosphere). However, this is an average figure for the watershed as a whole, and does
not necessarily apply to local watersheds. In some upland watersheds, for example,
well over 50% of the annual precipitation becomes runoff. The total annual runoff
derived from the upland zone averages about 31 million acre-feet (MAF) (CDWR
1994a). In contrast, only about 12% of the average precipitation received directly by the
Central Valley lowlands (including the Delta) becomes runoff, an average of about 1.5
MAF per year (Williamson et al. 1989). In the San Francisco Bay region, about 32% of
the precipitation becomes runoff, totaling on average about 1.5 MAF per year (CDWR
1994b).
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I11.  Upland (Mountain) River-Riparian Ecosystems

Upland river-riparian systems are defined as those rivers, streams and associated
riparian zones that occur above the alluvial deposits comprising the Central Valley
floor, which are found near the 300 ft. elevation contour. As they descend from their
headwaters towards the valley floor, smaller streams eventually join with others to
form ever-larger tributary rivers that finally enter alluvial deposits of the valley floor.
The upland portion of the watershed consists of a series of adjacent drainage basins
whose streams, rivers and riparian zones share fundamental ecological characteristics
(described below). Our purpose here is to describe those common attributes. Different
workers have treated much of the region as a single “ecosystem” (e.g., SNEP 1996), or
alternately a series of considerably smaller management units (i.e., ecosystems)
representing particular subregions or drainages (e.g., Battle Creek, Cosumnes River,
etc.). All such schemes are arbitrary, and no attempt has been made here to
geographically delineate specific “ecosystems” within the upland portion of the
watershed. Within the practical context of developing management and/or restoration
programs for this region, it is probably most appropriate to rely on operational
delineations of such boundaries most relevant to the scope and goals of particular
programs.

I11.A. Ecosystem Structure: Habitat Types and Biological Assemblages

River-riparian ecosystems of the upland watershed, as defined here, are characterized
by two basic structural elements - the river itself, and its associated riparian zone - that
define primary habitat types. The submerged portion of the channel, and the flowing
waters contained therein, comprise riverine habitat. This is bordered by a riparian zone - a
flanking corridor of increased soil moisture, occupied by distinctive plant assemblages.
This feature is maintained through periodic flooding which transports water laterally
across the floodplain, and through elevated groundwater levels. In combination, these
processes result in moisture levels in surrounding soils well above those that would
accrue from precipitation alone, leading to the establishment and successional
development of characteristic and specialized plant assemblages that would not
otherwise survive there. The two habitat types of the system are described below.

I11.A.1. Riverine Habitat

a. Distribution and Extent. The rivers and streams included in the upland system (as
defined herein) are distributed over a vast area, extending from southern Oregon
southward to the Tehachapi Range at the southern end of the Central Valley, and
occupying the western slopes of the Sierra Nevada and Cascade Ranges, and the eastern
slopes of the Coast and Klamath Ranges (Figures G1, G2). The bulk of these channels
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are located along the Sierra Nevada and Cascade Ranges, at elevations ranging from
about 300 to 12,000 ft. Together, these two ranges account for about 80% of total Central
Valley runoff (Kattelman 1996).

b. Composition and Complexity. Rivers and streams of the upper watershed are
naturally characterized by shallow depths, and cold, clear well-oxygenated waters low
in nutrients. For the most part, these waterways consist of bedrock/boulder controlled
channels surrounded by steep slopes and confined between rock outcrops. These have
minimal or no floodplains, and display little sinuosity. Channels are typically steep,
resulting in structurally complex mixtures of swift waterfalls and cataracts, turbulent
riffles, and quiet pools. The nature of riverine habitat in this part of the watershed
varies notably with slope. In the steeper reaches (slope >4%), channels are typically
characterized by frequent rapids and cataracts that empty into scour pools immediately
below. Where slopes are more moderate (2-4%), channels tend to be dominated by
riffles, with rapids and pools common only in constricted areas or river bends (Rosgen
1994). The bedrock controlled channels along many streams are intermittently
interrupted by less steep, localized accumulations of alluvial sediments that form deep
glacial valleys (e.g., King’s Canyon and Yosemite Valley), broad flats (e.g., Sierra Valley
and Kern plateau), and scattered meadows (e.g., Tuolumne Meadows) ... “[in which]
channels may meander and form multiple channels across a broad area” (Kattelman and
Embury 1996). This creates opportunities for a more extensive riparian zone to develop
than is possible in the bedrock controlled channels.

Fundamental riverine habitat characteristics reflect the flow of water (and the sediments
contained therein) through this portion of the watershed. The effects of flow per se on
local habitat structure are mediated through interactions with local topography (e.g.,
slope), channel morphology (e.g., cross-sectional profile, substrate composition and
complexity), and the nature and extent of nearby riparian plant assemblages. In some
reaches, flows may be relatively uniform, uninterrupted by irregular bottom
topography or in-stream physical obstruction. In other areas, the presence and nature
of in-stream structure increases the complexity of aquatic habitats by physically
obstructing and diverting flow, which in turn creates backwater areas, pools, riffles, and
other depth/flow variability. Some in-stream structural complexity is provided by sand
bars, boulders, and other inorganic obstructions. Additional structural complexity in
riverine habitat, particularly along reaches where riparian forests are well-developed,
may be provided in the form of the snagged or grounded remains of tree trunks and
branches that have fallen or been washed into the water. This is called large woody debris
(LWD). Much of this material is often deposited comparatively close to its source of
origin, but substantial portions are sometimes carried and deposited far downstream.
LWD directly provides in-stream structure and also interacts with flow to modify
fundamental characteristic of streams and rivers, including morphology and energy

2-9



From the Sierra to the Sea

transport (Bilby 1988, Swanson et al. 1982). For these reasons, LWD is considered an
integral link between rivers and their surrounding forests (O’Connell et al. 1993).

In their natural states, the riverine systems of higher elevations were essentially
continuous, both within this zone and with waterways of lower portions of the
watershed. While flows at any given site might be altered somewhat by the formation
and/or dissolution of sand or gravel bars, or by accumulations of large organic debris,
these represented localized, temporary, and partial obstructions. Even when landslides
suddenly and completely obstructed a channel, streams eventually eroded a new
channel, thereby re-establishing connectivity with lower reaches of the watershed.
Thus, no physical barriers existed that were capable of completely or largely interfering,
on a sustained basis, with the drainage of water (along with its loads of sediments,
organic nutrients, and passively drifting organisms) or the active movement of fishes.

c. Associated Biological Assemblages. Plant life is naturally sparse in higher elevation
streams, and occurs mainly in the form of benthic algae. Phytoplankton are rare in these
cold, nutrient-poor waters. Benthic algae becomes more common at lower elevations,
where water temperatures moderate and nutrient concentrations increase.

An array of native invertebrate animals may be found in upland rivers and streams
(Erman 1996). Common aquatic invertebrates include both crustaceans (isopods,
amphipods) and insects (dragonflies, damselflies, dobsonflies, and caddisflies). Some,
like the caddisfly, naturally occur in high diversity (about 200 species), many of which
(about 20%) are unique to the Sierra Nevada. These assemblages are known to be
sensitive to changes in flow regime, water quality, temperature, predation pressure,
sediment transport and deposition, and the availability of substrate such as woody
debris (Erman 1996).

Some forty species of fishes are native to the Sierra Nevada. Localized differences in
species distribution/abundance patterns in upland rivers and streams are generally
reflective of habitat diversity and characteristics. For example, the overall species
composition, distribution and diversity of temperate stream fish assemblages tend to be
highly dependent upon habitat structure and complexity (e.g., substrate and flow
characteristics, presence of LWD or pools/riffles, etc.). Because such factors tend to
vary systematically with altitude and lead to somewhat predictable changes in fish
assemblages found in different regions, it is convenient to generally characterize the fish
assemblages of such systems in terms of “fish zones,” typical of different elevational
portions of the watershed (Moyle and Cech 1988). While such schemes are useful
descriptive tools, it should be noted that “fish zones” have diffuse rather than sharp
boundaries, and grade into one another as the environment gradually changes. Many
species inhabit more than one zone.
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The upland portion of the watershed contains two of the three basic geomorphic zones
generally recognized in most stream systems, erosional and intermediate. The third
type (depositional zone) is confined to the lowland rivers. The uppermost reaches of
upland streams and rivers comprise an erosional zone, characterized by high stream
gradients, abundant riffles, cold (<21°C), well-oxygenated water, a cobble-boulder-
bedrock substrate, shaded and undercut banks, and few in-stream aquatic plants. In
this zone, the dominant and most widely distributed salmonid is the rainbow trout
(Onchorynchus mykiss), which often co-occurs with less abundant salmonids, including
the golden trout (O. aguabonita), mountain whitefish (Prosopium williamson) and two
cutthroat trout species. Lie-in-wait predators like sculpin, and small midwater
minnows, like speckled dace, are also found here. Amphibians - frogs and salamanders
- historically dominated the aquatic communities of naturally fishless areas of the Sierra
Nevada, mainly above elevation 6,000 feet.

Further downslope lies an intermediate zone, that extends from the lower portions of the
upland watershed (as defined here) into the lowland river system. This area is
composed of sometimes perennial tributaries traversing open foothill woodlands of oak
and pine of the Sierra and Coast ranges, and is characterized by moderate gradients,
warmer (up to 30°C in summer) waters, and a balance of riffles, deep pools, and
undercut banks. Native species include squawfish, large suckers, hardhead and
rainbow trout. California roach are particularly adapted to the intermittent streams of
this zone.

Along with resident fish populations, the upland portion of the watershed provides for
part of the habitat requirements of more wide-ranging, anadromous species.
Anadromous salmonids and Pacific lamprey are found in both higher and lower
elevation streams, while the white sturgeon are confined to lower elevations. Chinook
salmon are the most numerous and widespread of the anadromous salmonids. These
highly-valued fish, which weigh up to 90 Ibs (40 kg), are extremely resilient and can
adapt to changing conditions such as the extended drought and flood periods typical of
California, with various races (“runs’) taking advantage of different flow, temperature,
and habitat availability. Chinook eggs require cool (<14°C) water temperatures for
optimal survival. Most spawning historically occurred in fall when the first rains
increased flows and lowered water temperatures, but the runs display considerable
inherent variability in terms of life-history patterns. They effectively maintained a high
degree of genetic isolation through behavioral and geographic differences, although
limited straying and hybridization occurred. Spring-run chinook were historically the
dominant run in the watershed, and the most physically isolated, with an estimated
500,000 to one million returning each year to spawn in the upper reaches of the
Sacramento and San Joaquin River watersheds (Moyle and Yoshiyama 1992).
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I11.A.2. Riparian Zone

The riparian zone in the upland ecosystem may be generally defined as an area occupied
by unusually dense and distinctive assemblages of trees and associated vegetation that
immediately border streams and rivers of the region. The presence and unique
characteristics of these assemblages derive from elevated moisture levels (surface
and/or groundwater) that result from proximity to the river. The general structure of
riparian zones is that of a thickly-wooded forest, although considerable local variability
is typical. Often, thickly-forested areas are interspersed with more open assemblages
typical of woodlands. In general, mature riparian forests typically display a complex,
multi-storied structure, with high tree density, a well-developed canopy, and several
distinctive understory layers that may include a thick ground layer. Frequently, a
profusion of vines is present at all layers. Riparian zones also typically display different
microclimates than adjacent areas, with higher humidity, increased rates of
transpiration, greater air movement (Thomas et al. 1979), and cooler air temperatures
(Kattelmann and Embury 1996).

a. Distribution and Extent. Riparian forest was naturally distributed along most of the
entire length of upland river and stream channels (Figure G2). Most of the riparian
zone of upland systems occurs along steep, bedrock-dominated channels, where it is
usually highly limited in lateral extent in comparison with lowland river systems.
However, the riparian zone widens where rivers and streams traverse alluvial deposits
of mountain meadows and similar landscape features, and in some places, such as
along the Sacramento River above Red Bluff, extensive bands of riparian forest
historically flanked upland portions of the river. Overall, it has been estimated that
riparian forests generally represent between 0.1% to 1% of the total area of typical
Sierran basins (Langley 1984, Kondolf et al. 1987).

b. Composition and Complexity. Riparian zones of the upland portion of the
watershed naturally differ in vegetative composition and microclimate from the lands
they cross (Kattelmann and Embury 1996). Upland rivers and tributaries are generally
bordered by a riparian zone of large conifers, willows, cottonwoods, and other
vegetation atypical of upslope forests. Cottonwood and willow grow rapidly and have
a short lifespan. These species form an understory to larger coniferous forest trees.
Trees typical of the riparian zone in the Sierra Nevada include white alder (Alnus
rhombifolia), hackberry (Celtis reticulata), Oregon ash (Fraxinus latifolia), ponderosa pine
(Pinus ponderosa), cottonwood, western birch (Betula occidentalis), dogwood (Cornus
stolonifera), and willow (Salix spp.) among others (Kattelmann and Embury 1996).

Riparian plant associations characteristic of narrow, bedrock-dominated river channels
tend to differ somewhat from those typically associated with channels traversing

2-12



Chapter Two

alluvial deposits. The former types of areas possess soils that are comparatively
shallow, coarse-textured, and not generally subject to the degree of prolonged exposure
to direct sunlight or strong winds endured by alluvial riparian zones (O’Connell et al.
1993), which tend to support higher plant diversity. In addition to the bordering trees,
alluvial riparian areas also support a variety of sedges, rushes, grasses, and forbs. Such
areas may constitute essential habitat for some specialized species of the region. For
example, mountain meadows of the Sierra Nevada partially fulfill the habitat
requirements of many birds that breed elsewhere (Graber 1996).

c. Associated Biological Assemblages. Riparian forests fulfill essential habitat
requirements of highly diverse assemblages of insects, amphibians, reptiles, birds and
mammals, some of which are obligate residents and others of which are more widely-
distributed habitat generalists (O’Connell et al. 1993). The dense and diverse vegetation
provides a large variety and quantity of animal living requirements including nesting
and perching opportunities - food from seeds, fruits, and insects, and a shady, moist
microclimate. There is little available direct information on the abundance and
distribution of upland riparian animals of 150 years ago. However, it appears reasonable
to infer that habitat distributions of native species evident today remain highly
reflective of these species’ inherent needs in this portion of the watershed, which still
contains representative areas of relatively pristine habitat. Current patterns (see
Kattelmann and Embury 1996) suggest that a substantial number of the birds native to
the Sierra are dependent upon riparian habitat. The pivotal role of riparian zones in
upland forest ecology was emphasized in a recent analysis of such relationships in the
Inyo National Forest (Kondolf et al. 1996), which concluded that access to riparian zones
was critical for at least one life phase of about 75% of local wildlife species.

Thirty amphibians (21 salamanders, 9 frogs or toads) are native to the Sierra Nevada.
Almost all of these spend a portion of their lives in riparian areas (Jennings 1996). Both
the density and diversity of birds in the upland system is highest where riparian forest
and meadows co-occur. Many forest mammals, including deer, mink, beaver, raccoons,
ringtail, skunks, shrews, and woodrats and such fur-bearing mammals as weasels,
ermine, pine marten, and fishers are common in the riparian zone, although of the fur
bearers only mink and beaver are obligate residents (Graber 1996). Historically, grizzly
bears were also common visitors. Among the larger grazing herbivores, mule deer
(Odocoileus hemionus) dominated the foothills, while mountain sheep (Ovis canadensis)
occupied the crest and eastern slopes of the Sierra. Of the total 401 native Sierran
species of mammals, birds, reptiles and amphibians combined, about 20% (84 species)
depend heavily on the riparian area, and many more use it occasionally to find food,
water, and shelter (Graber 1996).
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I11.B. Ecosystem Function: Essential Processes
111.B.1. Hydrogeomorphic Processes

Erosion and active transport are the dominant hydrogeomorphic processes in this part
of the watershed. Since the retreat of the last glaciers, the complex and dynamic
topography that characterizes the upland portion of the watershed has been naturally
maintained by the movement of water, derived from rainfall and melting snow and ice.
This process continually erodes channels in the underlying bedrock and redeposits
sediments along the way, thereby reshaping the contours of upland river-riparian
ecosystems, and repositioning ecological boundaries. The natural movement of water
(both as surface flows and groundwater exchange) also ecologically connects riverine
and riparian habitat, allowing the vital exchange of nutrients, energy, seeds, organisms,
and sediment.

The natural flows in the upland ecosystem, including the discharge into the lowland
ecosystem, are characterized using modern day unimpaired runoff. Unimpaired runoff
represents the flow that would occur absent any diversions or reservoir regulation and
is directly derived from the measured flows. Although it is sometimes referred to as the
full natural runoff, the unimpaired runoff does not reflect fully natural conditions since
it does not account for changes in natural watershed runoff characteristics that have
occurred in the past 150 years due to land use alterations and vegetation conversion. It
is assumed, however, that the cumulative effects of those alterations on the seasonal
runoff from the upland ecosystem is relatively minor and the unimpaired runoff is a
satisfactory representation of natural upland runoff.

Flows throughout the upper watershed (which directly reflected runoff from rainfall
and/or snowmelt) historically exhibited substantial seasonal and inter-annual
variability (Figure 11-C). Flows here also varied markedly on a daily, weekly, or
monthly basis in response to short-term rainfall and/or snowmelt events. Throughout
most of this region, such fluctuations are not dampened by notable lake or floodplain
storage as they are in the lowland systems. Peak flows within different streams and
rivers of the upland region varied somewhat systematically with altitude and latitude.
Below about 5,000 feet, highest flows normally occurred from rainfall events during late
fall and winter. At higher elevations, spring snowmelt normally produced the highest
flows, particularly in the Central and Southern Sierra. Flows dropped off dramatically
throughout the region once the winter precipitation season and spring snowmelt
terminated. Watersheds of the Northern Coast Ranges, which are largely supplied by
rainfall, at times had no surface flow in the late summer and fall months. Very low base
flow also occurred during this period in the watersheds draining the Sierra Nevada. In
contrast, a portion of the upper Sacramento River watershed drains spring-fed
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Mean Discharge (cfs)
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Figure II-C
Average Monthly Unimpaired (Natural) Discharge
from the Upland Sacramento and San Joaquin River Watersheds

25000 T
20000 - ? > _
. 7N’ |
15000 4 % é g -
10000 ] é g g [
_ 00 :
] 7707 [
5000 / / / [
| mn |
0. /R i
OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP
25
20 - _
. % .
. 7% :
10 g g -
7% :
: 1 i
o] 7 % d
OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP
Month
B San Joaquin River Sacramento River —e— Central Valley
at Millerton, at Red Bluff, Precipitation,
1922-1994 1922-1994 1945-1994

The annnual Sacramento River runoff at Red Bluff is on average nearly four times
greater than the San Joaquin River at Millerton. Temporal differences in the
pattern of runoff of the two rivers is due to differences in the amount of
precipitation received as rain (dominant on the Sacramento), versus snow
(dominant on the San Joaquin) and differences in underlying geology. The lower
graph also plots the pattern of Central Valley precipitation to illustrate how
precipitation and runoff are out of phase.

Data from California Department of Water Resources.
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watersheds of the Cascades and Modoc Plateau, sustaining relatively high summer base
flows in the lowland Sacramento River (see Groundwater Hydrology, Section 1V.B.2).

Notable differences are evident between natural seasonal flow patterns in the southern
(higher elevation, more snowfall) and northern (lower elevation, more rainfall) portions
of the upland region (Figure I1-C). Average maximum monthly flows occur in May on
the San Joaquin, versus February on the Sacramento. About 70% of the annual San
Joaquin River runoff occurs in the April through July snowmelt period, while only 30%
of the Sacramento River runoff occurs during this same period. Another difference in
the hydrology of the two watersheds is that the volcanic terrain in the Sacramento
sustains relatively high base flows in contrast to the granitic terrain in the San Joaquin
that has very low base flows following snowmelt. This difference is reflected in the
relative extremes of the average monthly runoff in Figure 11-C, which shows the average
minimum monthly runoff on the Sacramento is roughly 20% of the average maximum
monthly runoff, while on the San Joaquin the average minimum monthly runoff is
roughly 5% of the average maximum monthly runoff.

Sediments are derived from erosional processes in stream channels and banks, as well
as from downslope transport from upland forests that occurs during heavy rain or
snowmelt events. Natural erosion rates in the granitic Sierra are substantially lower
than those of the sedimentary substrates of the Coast Range. Typical natural sediment
yield estimates are less than 200 tons per square mile per year for the Sierra, while many
portions of the Coast Range deliver sediments at ten times that rate. Highest sediment
production in the Sierra originates in the foothills between the 1,000 and 3,000 ft.
elevations (Kattelmann 1996).

111.B.2. Disturbance and Succession

Stream geomorphology and related habitat characteristics of upland river-riparian
ecosystems may remain relatively constant in the short term, but these areas are subject
to periodic disturbance in the forms of fire, earthquake, volcanic eruption, as well as
from varying flow levels. Flows here have high energy, and the erosion, transport, and
deposition of sediment and debris result in a constantly changing riparian community.
Flow-related disturbance occurs on a continuing basis, but is accentuated by seasonal
shifts in precipitation patterns. During most of the year, surface portions of the riparian
areas are physically separated from their adjacent streams, and hydrologic connectivity
is achieved chiefly through groundwater exchange. This process maintains the high
levels of soil moisture needed to sustain the riparian plants through the drier months.
Nonetheless, continual erosion regularly removes areas of mature vegetation and
redeposits the resulting woody debris and sediment. This process provides a ready
source of new substrate available for growth of early successional species.
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During the wet season, flooding uproots plants, and transports and redistributes
sediments, nutrients, and seeds downstream and across lower portions of the
surrounding topography. During flood events, lower areas of the active channel and
adjacent floodplain, along with their accumulations of decaying organic litter and
uprooted live plants, become part of the stream (Kattelmann and Embury 1996). The
seasonal expansion and contraction of stream channels is considered an essential
element of river-riparian connectivity in these types of systems (O’Connell et al. 1993).

Riparian zones are particularly dynamic environments, characterized by higher levels
of periodic disturbance than nearby upland habitats (O’Connell et al. 1993). Constant
disruption of riparian habitat by flood, fire, wind and animal activity maintains a highly
diverse and topographically complex assemblage of plants in various stages of
succession at the river’s edge, characteristics that often contrast markedly with the
comparatively homogeneous structure of adjacent mature communities (CSLC 1993,
Naiman and Rogers 1997). High levels of disturbance may partially account for the
naturally high biodiversity of these ecosystems, since disturbance and subsequent
successional processes not only increase habitat complexity and diversity, but also may
act to prevent or inhibit community domination by a relative few superior competitors
(Connell 1978).

111.B.3. Community Energetics: The Acquisition and Cycling of Organic
Carbon and Nutrients

a. Sources. The ecosystem acquires energy and nutrients from internal production, and
transfer from other systems. Higher-elevation (>7,000 ft) soils are sparsely vegetated
and generally of low organic content. Lower elevations (1,000 to 7,000 ft) are naturally
heavily forested, but nutrients here are typically bound-up in thick accumulations of
litter on the forest floor. As a result, upland rivers and streams are generally clear, and
contain minimal levels of organic nutrients.

Most of the organic nutrients found in riverine habitat are derived from the riparian
zone, which is the major source of primary production (and the site of most
decomposition) in these ecosystems. It has been estimated that dead organic matter may
contribute as much as 99% of the annual energy input to headwater streams covered by
a dense forest canopy (Fisher and Likens 1973). The limited in-stream primary
production that does take place in the upland rivers and streams occurs mainly at lower
elevations where temperatures and nutrient levels are somewhat higher. Some of the
organic contribution of the riparian forest to the stream below occurs more or less
continuously, as dead leaves, needles, twigs, branches, logs, bud scales, fruit, droppings
of terrestrial animals, etc., fall or are carried by wind or rain into the river. Such
material, along with aquatic benthic insects which fall into the water, form a source of
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food for aquatic organisms called drift. In upland rivers and streams, this may
represent the predominant food source for fish, as these waterways are too deep and
swift to support substantial benthic community development (McGinnis 1984 in CSLC
1993). Part of the forest’s organic contribution to the river also occurs sporadically, as
stream levels undergo seasonal shifts, or flood waters spread across the landscape and
then recede back into the channel, carrying with them accumulated dissolved and
particulate nutrients, as well as seeds, organisms, etc.

About two-thirds of the available food in higher elevation rivers is dissolved, half in
sediments and half in the water column (Schoenherr 1992). The remaining third of the
available food consists of detritus, suspended in the water or deposited on the substrate
(Schoenherr 1992). Historically, large runs of 1 to 3 million chinook salmon annually
transferred an estimated 20-80 million pounds of organic matter to upland rivers and
streams of this watershed, representing a major nutrient source (Moyle and Yoshiyama
1992). Estimates from a comparable Pacific northwest system indicate that the annual
contribution of dead salmon represents a substantial fraction of the nitrogen content of
many stream insects and crustaceans, as well as about 30% of all the nitrogen and over
one-third of the total carbon content of developing salmon smolts (Bilby et al. 1996).

b. Food Chains, Cycling and Exchange. Most of the biomass in these ecosystems is
produced and concentrated in the riparian zone, hence most decomposition and
recycling occurs on and in the soils of the forest floor. Surface fungi and
microorganisms, and interstitial microorganisms within the soil and groundwater
account for most decomposition and regeneration of nutrients here. Dissolved food
supports algae and bacteria, which are in turn preyed upon by micrograzers such as
protozoans, insects, freshwater mussels, and some fish. Detritus flushed into stream
channels supports assemblages of specialized crustaceans (most common in the
uppermost reaches of these systems), and aquatic insects (which tend to dominate
lower reaches). Both groups play major roles in the in-stream decomposition and
cycling of organic nutrients.

Fishes, birds, reptiles, amphibians, and small mammals form intermediate links in
ecosystem food chains. These feed directly on plants, invertebrate animals, and one
another. Fishes are the most ubiquitous consumers of riverine food chains in most of
the upland part of the watershed, feeding at virtually all trophic levels. Some, such as
suckers (Catostomidae) feed on algae, detritus, and invertebrates found in sandy
substrates and on rocks. Trout are the most abundant purely aguatic predators of
upland tributary and river systems, although some mammals also heavily exploit food
resources here. The river otter (Lutris canadensis) was, and probably remains, a major
predator of riverine habitat in these systems. Raccoons are also common predators on
crustaceans, amphibians, and small fish. Many other mammals, birds, reptiles and
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amphibians that primarily reside in the neighboring upland forests regularly visit the
rivers and streams to drink and avail themselves of the rich food resources found in
riverine and riparian habitats (see Associated Biological Assemblages, Sections A.1.c
and A.2.c, above). Some in turn become prey for riverine or riparian zone predators,
thereby considerably increasing the complexity of ecosystem food webs.

c. Sinks. Downstream flow, burial, and consumption and removal by larger wide-
ranging animals are major nutrient sinks for upland aquatic ecosystems. Unlike other
ecosystem types of the watershed, these lack the capacity to respond quickly to sudden
increases in nutrient availability by rapidly expanding phytoplankton populations.
Thus, most of the sudden large influxes of nutrients to stream waters that occur during
flood events is passed to downstream ecosystems.

IV. Lowland (Alluvial) River-Floodplain Ecosystems

River-floodplain systems occupied large portions of the Sacramento, San Joaquin and
Tulare Lake Basins. The rivers, riparian zones, and wetlands constitute the major
natural habitat types of lowland river-floodplain ecosystems. Riparian associations are
naturally most common immediately adjacent to the rivers, and also along natural
levees. Wetlands-dominated low-lying areas are primarily backwater areas extending
laterally from the main channels and in separate floodbasins. Together, these two
habitat types encompass the vast majority of frequently inundated areas of the
floodplain.

Extending out upland from the margins of the forests and wetlands, or occurring
sporadically in drier “pockets” within these habitats, were less frequently inundated
portions of the floodplain which were occupied by two more mesic plant associations -
valley oak woodlands and native grasslands. These adjacent ecosystems interacted
with river-floodplain systems in several particularly notable ways. First, they provided
essential habitat support to enormous populations of large, wide-ranging mammals -
antelope, elk, etc. - that regularly visited the river-riparian systems, thereby forming an
ecological connection among aquatic and terrestrial systems of the Central Valley
through which energy and nutrients were regularly transferred. Second, because they
immediately adjoined more frequently inundated habitats but were somewhat higher,
they undoubtedly served as critical refuges for many ground nesting animals (reptiles,
mammals, and birds) during flood events that temporarily submerged marshplains and
forest floors. Interspersed within these major features of the landscape were a number
of somewhat more restricted habitat features such as chaparral, wildflower fields, and
vernal pools, each occupied by somewhat distinctive biological assemblages.
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IV.A. Ecosystem Structure: Habitat Types and Biological Assemblages

Lowland river-floodplain ecosystems are naturally distributed among a number of
somewhat different and in some ways ecologically distinctive regions of the Central
Valley. The Sacramento, San Joaquin and Tulare Lake Basins all contain features that
lead to systematic differences in many ecological attributes of river-floodplain
ecosystems found in each region, including the nature and distribution of habitat types.

IV.A.1l. Riverine Habitat

a. Distribution and Extent. Lowland rivers are distributed across a vast area covering
nearly 21,000 square miles of the Central Valley (Figures G1 and G2). This does not
include the Redding Basin, which is considered part of the “upland” system described
above because it is geologically separated from the remainder of the Central Valley by
the Red Bluff Arch and thus not connected to the continuous alluvial lowland.

The Sacramento Valley is drained by the Sacramento River, which enters the alluvial
lowlands of the Valley near Red Bluff. Above Red Bluff, the Sacramento River collects
water from the east side of the Klamath Ranges as well as drainage, via the McCloud
and Pit Rivers, from the Cascade Range and the Modoc Plateau, a spring-fed area of
volcanic rock east of the Cascades. From Red Bluff to its mouth near Collinsville, the
lowland portion of the Sacramento River traverses about 245 miles of the Central
Valley. The largest tributaries to this portion of the Sacramento are the Feather River
(which is joined by the Yuba and Bear Rivers in the lowlands) and the American River,
both of which mainly originate in the Sierra (except for two branches of the Feather
River that collect water from the southern Cascades). A number of smaller tributaries
draining the Cascades (e.g., Butte, Big Chico, Deer, Mill, and Antelope Creeks) enter the
Sacramento River north of its confluence with the Feather River. Tributaries draining
the Northern Coast Ranges (e.g., Elder, Stony, Cache, Putah Creeks) contribute a
relatively minor portion - about 8% of the average annual inflow - of the total inflow to
the Sacramento River.

On the southern (San Joaquin) side of the Central Valley, the San Joaquin River Basin is
drained by the San Joaquin River. This river originates in the Sierra and enters the
Central Valley in the vicinity of Fresno. From here, the river flows 267 miles to its
mouth in the Delta, where its outflow joins that of the Sacramento River. The major
tributaries to the San Joaquin - the Merced, Tuolumne, and Stanislaus Rivers - also
originate in the Sierra Nevada. The Mokelumne, Cosumnes and Calaveras Rivers (or
“eastside tributaries”) are also considered part of the San Joaquin River Basin drainage
because they flow into branches of the San Joaquin River in the Delta, before its junction
with the Sacramento. Several small streams drain the Coast Ranges to the west of the
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San Joaquin Basin, but these are intermittent. The larger northern westside tributaries
(Ingram, Del Puerto, Orestimba Creeks) discharged directly into the San Joaquin River
while the more southerly Coast Range tributaries (e.g., San Luis Creek) did not (Hall
1886b, Sheet 2).

b. Composition and Complexity. The lowland rivers of the Central Valley change in
character as they emerge from the foothills of the surrounding mountain ranges and
approach the main axis of the valley floor. As they first enter the lowlands, they
traverse a transitional zone between the bedrock-dominated “erosional zone” of the
upland systems and the comparatively flat “depositional zone” that characterizes
floodplains of the valley floor. Because of its intermediate position, this region is
sometimes referred to as a “zone of transport.” The distinctive characteristics of this
intermediate zone are derived from a unique geomorphic history. In general, the zone
of transport is characterized by rivers that run swifter and deeper, and are more
turbulent and complex than further downstream in the depositional zone. The river
beds are composed mainly of gravel. Distinctive hydrologic and geomorphic
characteristics of waterways in this zone lead to some ecologically distinctive attributes.
For example, Moyle et al. (1996) ecologically distinguished streams in this region as
high quality fall-run chinook salmon spawning habitat because of favorable water
velocities, bed material, fall temperatures, and location.

In some cases (particularly in the San Joaquin Valley), rivers and their floodplains in
this zone are constricted by bluffs on each side, which rise up to a 100 feet or more
above the river surface and extend up to 30 miles downstream from the foothills. On
the upper San Joaquin River near Fresno, the width of the river bottom between the
bluffs ranges from 1,000 to 5,000 feet (Cain 1997). In steeper reaches, branching
networks of channels with sparsely vegetated banks formed (Cain 1997). In less steep
reaches, the tributaries tended to form single meandering channels, with the extent of
floodplain limited by the adjacent bluffs. Eventually, the bluffs gave way to the flat
floodplains of the valley bottom, allowing extensive lateral development of bordering
riparian forest and wetlands. In some locations the lowland rivers were entirely
contained within a single channel, while in other places the flow was split into networks
of secondary or overflow channels, or distributary sloughs. The presence and
complexity of these ancillary channel networks was largely dependent on the gradient
and depositional processes of a particular reach. Areas with particularly complex
channel networks included the tributaries where they emerged from the Sierra foothills,
the San Joaquin River between Firebaugh and the Merced River, the Sacramento River
above Colusa, and the mouths of the Sacramento and San Joaquin Rivers.

Where vertical gradients are relatively high (1-2%), lowland river channels migrate back
and forth in a sinuous pattern across their floodplains in a process called active
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meandering (Figure 11-D). This results in comparatively high structural diversity, with
“oxbow cutoffs” and backwater areas branching off from the main channel (Figure 1I-E).
The latter encompasses side channels, distributary channels, sloughs, and other
backwater areas of the main river channel. Side channels are small channels branching
off the main stem. They are typically abandoned river channels or overflow channels
on the floodplain or on low terraces near the main stem. Distributary channels are
channels that branch off the main stem and flow through the floodplain as separate
channels. Sloughs are side channels or distributary channels characterized by minimal
flows. They therefore generally maintain pool or pond-like characteristics, although
relatively high velocities may occur during large floods (Beechie et al. 1994).

As the rivers approach the base of the valley floor, slopes become more gentle (<1%)
and a depositional zone (low-gradient floodplain) results. Rivers here have higher
natural channel sinuosity, but lower rates of meander migration than those found
further upstream (Fischer 1994). Here also, the main river channel beds gradually shift
from mainly gravel to mostly sand, and river banks naturally take the form of laterally
extensive depositional levees. As they flow downstream, lowland rivers become
increasingly warmer, more turbid, lower in oxygen and richer in nutrients. In the
lowest reaches, as the great rivers approach their mouths in the Delta, benthic
substrates incorporate increasingly finer sediments - muds and silts - that settle out of
suspension only after the river slows. In the depositional zone, only accumulations of
large woody debris (LWD) provide the physical structure needed to create topographic
and hydrodynamic complexity, and vary the otherwise slow (except during floods)
uniform flow. In the comparatively wide channels characteristic of this region, LWD
may cause local scour and channel migration, as well as trapping sediments.

Regional differences in the Central valley lowlands led to systematic differences in the
nature and extent of river-floodplain systems throughout the valley. The Sacramento
River enters the alluvial lowlands of the Central Valley near Red Bluff. From there to
the vicinity of Colusa, the river formed a wide, active meander belt. Below Colusa
(River Mile 190 to the Delta), the main river traversed a depositional, low-gradient
floodplain, and took on corresponding characteristics (described above). In the lowest
reaches of the Sacramento River, the valley slope decreases substantially, and large
floods historically inundated the floodplains to depths exceeding 20 feet. Periodic
flooding resulted in the deposition of silts and sands on the adjacent floodplain, which
in time raised natural levees that were in some places several miles wide and 10-23 ft
above the mean river level. Brice (1977, p. 19) observed that “natural levees, rather than
being deposited by a sheet of water flowing overbank, may be mostly deposited when water
moving at high velocity through a stream channel is flanked by rather deep water on the flood
plain.” Flood water occasionally breached these natural levees, but the levees tended to
inhibit overflow and confine much of the sediment flow to the main channel. Because
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Figure 1I-D
Characteristic Channel Morphology of a
Meandering Reach
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rConcave Bank

(Inside bend)
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Source: Reprinted from California's Rivers, A Public Trust Report, 1993,
with permission from the California State Lands Commission.
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Figure II-E
Backwater Area

Off the main river channel. Note the structural complexity of the habitat provided by
overhanging branches and large wood debris in the water.
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the levees along the lower Sacramento River effectively blocked the discharge of
tributary streams into the main channel, an extensive parallel drainage system evolved
behind many of them. The levees also greatly inhibited the lateral deposition of river-
borne sediments across the adjacent floodplain, a process which in other reaches
effectively counteracted natural subsidence of the valley floor. Thus, the levees here
came to be flanked by a series of large, depressed flood basins with a combined surface
area of almost 1,000 square miles (Clapp and Henshaw 1911), and a storage capacity of
approximately 4.1 million acre-feet (Grunsky 1929). In this reach, the channel banks
historically contained cohesive, clay basin deposits. Consequently, meander migration
rates were naturally low (Fischer 1994).

The San Joaquin River Basin lacked the extensive flood basins that flanked the lower
Sacramento River. In its natural state, the San Joaquin River and its main tributaries
meandered across ancient alluvial fans towards the main axis of the valley floor. Where
it first left the Sierra foothills and traversed the intermediate transport zone, the San
Joaquin was a gravel-bed, intermediate gradient river. As it approached the main axis
of the valley floor, the southwesterly flowing river emerged from confining bluffs into a
lower-gradient, depositional topography. Here, the river distributed its high flows into
a complex network of sloughs that branched off both sides of the river, and then, near
Mendota, made an abrupt right turn to flow northwesterly (towards the Delta) along
the main axis of the valley. Near this point (Mendota), the San Joaquin merged with
Fresno Slough, a waterway which at that point was wider and deeper than the San
Joaquin itself. Fresno Slough was part of an intricate slough system that exchanged
water between the Tulare Lake Basin and the San Joaquin River (see Tulare Lake Basin,
below) (Farquhar 1932b, Williamson 1853, Davis et al. 1959). Downstream of Mendota,
the San Joaquin flowed through a network of large slough channels traversing extensive
riparian woodland, tule marshes, and backwater ponds until it joined with the Merced
River. After this, the floodplain was more confined and the river adopted a highly
sinuous pattern of rapid channel meander migration. This created a rich complex of
oxbow lakes, backwater sloughs, ponds, and sand bars in a mosaic of successional
states. In its lower reaches just above the Delta, the river formed low natural levees
approximately six feet high (Thompson 1957, Atwater and Belknap 1980).

The Tulare Lake Basin had a quite different structure. Runoff was collected in terminal
lakes on the basin floor. The Kings, Kaweah, and Tule Rivers historically flowed into
Tulare Lake, while the Kern River flowed into Kern and Buena Vista Lakes (which often
discharged to Tulare Lake). The rivers tributary to these lakes formed broad deltaic
fans near the lakes that were covered by vegetation (Williamson 1853). These fans
extended completely across the valley as the Kings River and Kern River ridge (Clapp
and Henshaw 1911). The lakes fluctuated from a few square miles in dry years to over
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800 square miles in wet years (Grunsky 1898, Hall 1886b, Sheet 4), and supported an
extensive fringing tule marsh.

Surface waters were periodically exchanged between the San Joaquin and Tulare
drainage basins through a complex of slough channels. Some of the channels branching
off the main stem of the San Joaquin River near Firebaugh extended southward, and
eventually formed a deep slough channel about 40 miles long and 250 feet wide. This
feature (Fresno Slough) eventually branched into smaller channels 8 to 10 miles from
the river, which became intricate and ramified as they entered Tulare Lake, completing
the surface connection (Farquhar 1932b, Williamson 1853, Hall 1886b). A large bar at
the mouth of the slough (on the Tulare Lake side) prevented water exchange between
Tulare Lake and the San Joaquin River except during periods of high flows.

Flow in the Fresno Slough system was generally believed to be from south to north,
bringing in seasonally high water from a Kings River distributary (CDPW 1931a),
groundwater (Anonymous, 1873) and the occasional overflow from Tulare Lake.
Eyewitness reports exist that variously describe flows in this slough system at different
times as both south from the San Joaquin towards the Tulare (Derby in Farquhar 1932b),
as well as north from the Tulare into the San Joaquin (Coulter 1835, Fremont 1848).
Grunsky, a well-known civil engineer who first examined this region in the 1870s,
believed Derby had crossed the delta of the Kings River and that the water in the Fresno
Slough was flowing from the Kings River delta north toward the San Joaquin River and
that part of the Kings River was flowing south to Tulare Lake (Farquhar 1932b, note 43).

c. Associated Biological Assemblages. Current knowledge of the ecology of large
rivers in this biogeographic region suggests that historically, the characteristic major
components of pelagic biota in the Central Valley rivers were likely to have been the
same that exist today: phytoplankton, aquatic insects, and fishes. However, this study
found virtually no information regarding the species composition of phytoplankton or
insect assemblages of the historical riverine system. Because of the alteration that has
occurred over the last 150 years to many fundamental ecological characteristics of these
rivers, the degree to which current species composition reflects historical patterns must
remain speculative.

There is some rudimentary information available on the historical composition of fish
assemblages of these systems. Native freshwater species identified by remains in
Indian middens in the lower Sacramento Valley (Schulz and Simons 1973, Schulz 1979)
consisted of a combination of freshwater and anadromous species, including the
Sacramento splittail (Pogonichthyes macrolepidotus), Sacramento squawfish (Ptychocheilus
grandis), hitch (Lavinia exilicauda), Sacramento blackfish (Orthodon microlepidotus),
hardhead (Mylopharodon conocephalus), thicktail chub (Gila crassicauda), Sacramento
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sucker (Catastomus occidentalis), prickly sculpin (Cottus asper), Sacramento perch
(Archoplites interruptus), and tule perch (Hysterocarpus traski) (Herbold et al. 1992).
Anadromous forms included chinook salmon, sturgeon, and Pacific lamprey.
Unfortunately, the native fish assemblages of this part of the watershed no longer exist
as such, and not enough is known about the ecology of the native fishes nor about their
precivilization habitats to make any worthwhile guesses about how the fishes
subdivided the zone’s space and resources (Moyle 1976a). Nonetheless, current
understanding of the ecology of these native fishes indicates that many evolved
behavioral and life history patterns (e.g., timing of spawning migrations, downstream
migrations of young of the year, etc.) that were, and remain, keenly tuned to typical
seasonal flow patterns that characterized the system prior to massive human
intervention (Herbold et al. 1992). Additionally, there is reason to believe that the
weedy backwaters (sloughs, marshes) of Central Valley rivers were naturally
dominated by deep-bodied fishes such as Sacramento perch, hitch, thicktail chub, and
tule perch, while open water was dominated by specialized minnows (blackfish and
splittail) along with large suckers and squawfish (Moyle 1976b).

In general, benthic animal assemblages of Central Valley rivers tend to be dominated by
aquatic invertebrates, most notably mollusks (e.g. clams and snails), crustaceans (e.qg.
crayfish) and several groups of worms. Substrate composition is a primary determinant
of benthic community structure in aquatic environments (Sanders 1960). Thus it is not
surprising that the nature of benthic invertebrate assemblages differs somewhat
between the gravel/sand substrates of the zone of transport and the finer sand/silt
substrates of depositional zones. Tubificid worms and midge larvae are particularly
tolerant of lower oxygen and higher nutrient environments characteristic of lowland
river bottoms (CSLC 1993), and may have been prominent in these environments 150
years ago as well as today.

IV.A.2. Riparian Zone

Riparian zones are distinguishable from adjacent, non-riparian plant associations by a
variety of distinctive compositional and structural features (Campbell and Franklin
1979, Franklin et al. 1981, Swanson et al. 1982, Oakley et al. 1985). Some general
characteristics that distinguish riparian zones from more xeric, upland plant
associations were discussed previously (Upland Systems: Riparian Zones). The general
structure and extent of riparian zones is highly dependent upon the size of the
watercourse and topography of the surrounding landscape (Oakley et al. 1985) and also
varies with other structural features of the environment, including most notably surface
water, soils, and microclimate (O’Connell et al. 1993). Thus, it is not surprising that
many fundamental characteristics of riparian zones of the lowland rivers of this
watershed differ in many ways from those of the upland systems, particularly from
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those portions of the upland watershed contained in narrow, steep valleys with
bedrock-dominated channels. Riparian zones of alluvial floodplains are generally
characterized by a greater degree of structural complexity, and greater diversity of plant
associations than are the narrow, steep-sided riparian areas typical of the upland rivers
and streams (O’Connell et al. 1993).

The term “riparian” has come to be used in a number of different ways among workers
describing these associations in the Central Valley lowlands, and some clarification of
the use of this term in the present report is warranted. Riparian zones have been
traditionally defined on the basis of topography and/or vegetation, but may also be
defined functionally as a zone of interaction between aquatic (riverine) and terrestrial
(upland) environments (Swanson et al. 1982). In the broadest sense, this functional
definition includes all the vegetation that owes its presence to proximity to the river,
which generally includes a “mesoriparian” component associated with frequently
inundated portions of the floodplain, and a “xeroriparian” component that represents a
somewhat drier (less frequently inundated) transitional zone between mesoriparian and
adjacent non-riparian ecosystems.

In terms of Central Valley lowland riparian systems, the mesoriparian sub-zone may be
considered the area occupied by densely vegetated, canopied plant associations
(“forest”), while a xeroriparian sub-zone is characterized by more open “woodlands,” in
which single trees or clumps of trees (primarily valley oak) are interspersed with grass-
covered, treeless patches of landscape, creating a “park-like” setting. It is particularly
worth noting in this context that some Central Valley workers (e.g. Conard et al. 1977)
have tended to use the term “riparian” somewhat restrictively in reference to canopied,
mesoriparian associations adjacent to waterways, while others (e.g., Thompson 1961,
Warner and Hendrix 1985) have used the term broadly to denote a variety of plant
associations associated with high levels of groundwater, in some cases even including
vegetation considerably distant from waterways and separated from them by fully
terrestrial habitats. Not surprisingly, this lack of consistency in terminology has led to
considerable confusion in the literature, and has made the task of summarizing
available information on the pre-disturbance structural characteristics and extent of the
Central Valley’s riparian vegetation a challenging task. This problem is not unique to
the Central Valley, and the last twenty years have witnessed a proliferation of schemes
attempting to better define and classify riparian systems in other geographic regions
(e.g., Cowardin et al 1979, Ratliff 1982, Youngblood et al 1985, Kovalchik 1987).

In this report, the term “riparian zone” is used to refer to the area adjacent to a waterway

that supports either mesoriparian or xeroriparian plant assemblages, or both. This
provides the major advantage of increasing the utility of both soils analyses (a primary
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information source which lacks the resolution to differentiate between mesoriparian
and xeroriparian areas), and the historical accounts and documents (which also
generally failed to distinguish the sub-zones defined above, and were additionally
characterized by a general confusion of terms and scales of resolution). Where
appropriate, the term “riparian forest” is used to refer to mesoriparian associations -
densely-wooded, canopied areas immediately flanking the main waterways - while
“riparian woodland” is used to refer to more open, xeroriparian (mainly valley oak-
dominated) transitional areas.

a. Distribution and Extent. Most riparian zones of the Central Valley were decimated
before the end of the 19th century. Much of what we know today of the extent of this
habitat type in its natural state has been pieced together from analyses of soil types,
compilations of eyewitness accounts of early explorers, and landscape reconstructions
using a variety of sources (e.g., Dutzi 1979). The total acreage of riparian zones of the
Central Valley was never directly mapped under natural conditions, although
numerous early maps use symbols to indicate the presence of riparian vegetation (e.g.,
Derby 1849, Mexican Land Grant Disefos as compiled by Becker 1964). In lieu of such
direct information, quantitative, valley-wide estimates of the extent of soils
characteristic of Central Valley riparian zones have been generated from analysis of
early soil maps (and their accompanying vegetative descriptions) of the Sacramento
(Holmes et al. 1916) and San Joaquin (Nelson et al. 1918) Valleys. Lowland riparian
zones are characterized by soil types that predictably differ from those of more upland
areas in terms of mineral and organic content and amount of soil litter (Bilby 1988),
useful attributes in this context because some of these features persist even if the forest
itself no longer exists at the time the soils are surveyed.

While such analyses are useful, they must be used with caution, and a clear
understanding of the limitations of these techniques. As Jones and Stokes, who
attempted to map riparian soils of the San Joaquin River recently pointed out (1998, pg.
3-1): “Because riparian soils have been deposited by the river since the end of the Pleistocene,
these soils represent the entire area where the river has made coarse deposits over the last 10,000
years; the actual area occupied by riparian habitats at any one time was most likely much smaller
than the total area of riparian soils that is currently present.” Thus, depictions on maps of
plant or habitat distributions based upon the distribution of soils (e.g., Figures G4 and
G6) must not be considered a “snapshot” of the riparian vegetation acreage that
actually existed at any one time. Such estimates represent an “averaging” of what in
reality were temporally variable and spatially heterogeneous environmental conditions.
For the Central Valley, it is clear that in many cases the same locations were at different
times occupied by either riparian or marsh vegetation, the former being indicated by
soil type, while the latter was indicated by direct survey of existing vegetation in the
mid-19th century. For these same reasons, the use of soil maps as a basis for estimating
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historical ecological parameters (e.g., primary production, population densities,
transpiration losses) over large geographic areas must be considered in the light of these
limitations.

Because of marked differences (discussed above) among researchers in the way the
term riparian is defined, and the geographic area included as part of the “Central
Valley,” recent estimates of the extent of riparian zones in the Central Valley have
varied substantially, ranging from about 0.9 to 1.6 million acres for the entire valley,
including the Tulare Lake Basin (Katibah 1984, Warner and Hendrix 1985, Shelton
1987). The higher estimate of Warner and Hendrix includes considerable acreage
(possibly up to 600,000 acres) of oak woodland in the Tulare Lake Basin. The lower
estimates did not include the oak woodland and savanna in the Tulare Lake Basin. For
this report, an analysis of the early soil maps and the Dutzi 1979 map generates an
estimate of about 1,000,000 acres for the historical riparian zone. This zone was located
primarily along the principal waterways of the Sacramento and San Joaquin Valleys,
including the Delta region but excluding the Tulare Lake Basin (637,000 acres in the
Sacramento Valley, 329,000 acres in the San Joaquin Valley, 42,000 acres within the
Delta) (Figures G4, G6, G10). Close examination of all the different estimates indicates
that they generally agree that somewhere near one million acres in the Central Valley
(excluding the Tulare Lake Basin) was, at one time or another, occupied by a riparian
zone.

Figure G4 shows that in the Sacramento Valley about 364,000 acres out of the 637,000
acres of the riparian zone were occupied by riparian forest. The remaining acreage of
the riparian zone was occupied by wetlands, oak woodlands, and grasslands. About
87,000 acres of mapped wetlands were within the riparian zone. The forests shown on
Figure G4 are confined to the principal rivers and streams of the Valley, including the
mainstem Sacramento, Feather, American, Bear, and Yuba Rivers, as well as Honcutt,
Butte, Stony, Cache, and Putah Creeks.

At their outer margins the riparian forests often graded into oak woodlands and
savannas, which could extend a considerable distance from the river as shown on
Figure I1-F, which is directly derived from the map prepared by Dutzi (1979). In
addition, extensive oak woodlands/savannas ringed the valley, occurring primarily on
its eastern side (Dutzi 1979, Barbour and Major 1988, Griffin and Critchfield 1972,
Fremont 1848) and along the Kings and Kaweah Rivers (Warner and Hendrix 1985,
Preston 1981). These woodlands/savannas were frequently located on rich floodplain
soils, including areas along ephemeral streams that drained into the marshes (Pavlik et
al. 1991). In the greater Sacramento Valley area, oak woodland and savanna occupied
1,445,000 acres (1,109,000 acres within the Sacramento Valley boundary used in this
report).
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Figure II-F
Native Woodlands of the Sacramento Valley, circa 1800
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Available historical documents indicate that under natural conditions, a recognizable
riparian zone was present along virtually every minor and major stream in the Central
Valley, although the composition and lateral extent of riparian plant assemblages varied
widely among drainages, and from site to site. Based upon a comprehensive analysis of
historical accounts, Thompson (who used the term “forest” synonymously with the
term “riparian zone” as defined in this report) concluded that (1961, p. 307) “in their
pristine condition the streams of the lower Sacramento River system were flanked by forests...On
the banks of the lower Sacramento, where the natural levees are widest, the riparian forest
achieved their greatest width, four to five miles. On the lesser streams...with smaller levees, the
forests formed a narrower belt, generally about two miles wide.” This characterization did not
apply to that part of the lower Sacramento River within the Delta, which was flanked by
relatively narrow natural levees.

In the San Joaquin Valley, riparian zones were less extensive, and generally present in
narrower bands. The well-developed natural levees common in the Sacramento Valley
were mostly absent, and bluffs along the upslope portions of the tributaries confined
the floodplain in parts of the San Joaquin River Basin. Considerable heterogeneity
occurred as well, and patches of forest and woodland were often nestled in drier places
surrounded by tule marshes (Hall 1886b). This complex San Joaquin riparian zone was
described by Fremont in 1844 as he traveled through the San Joaquin River Basin: “At
the end of January, the river bottoms, in many places, were thickly covered with luxuriant grass,
more than half a foot high” (Fremont 1848, p. 18). In April, travelling along the San
Joaquin south of the Merced River:

“Here the country appears very flat; oak-trees have entirely disappeared, and are
replaced by a large willow nearly equal in size. The river is about a hundred
yards in breadth, branching into sloughs, and interspersed with islands... Late in
the afternoon we discovered timber, which was found to be groves of oak-tress on
a dry arroyo...Riding on through the timber, about dark we found abundant water
in small ponds, twenty to thirty yards in diameter, with clear, deep water and
sandy beds, bordered with bog-rushes (Juncus effusus) and a tall rush (Scirpus
lacustris) twelve feet high, and surrounded near the margin with willow-trees in
bloom; among them one which resembled Salix myricoides.” (Fremont 1887,
pp. 358-360).

In the Tulare Lake Basin, riparian forest occurred around the periphery of the lakes and
along virtually all of the eastside tributaries (e.g., Kings, Kern, Tule, Kaweah Rivers),
including ephemeral ones that did not reach the lakes. On the alluvial fans, a
continuous riparian forest flourished from the foothills to the lakes (Nugen 1853, Hall
1886b, Carson 1852 in Browning 1991). The riparian forest of the Tule, Kings, and White
Rivers and of Deer Creek stretched like dark green ribbons through the immense
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surrounding oak savanna. The riparian woodlands of the Kaweah River spread to the
limits of its fan, occupying some 254,000 acres (Warner and Hendrix 1985, Jepson 1910)
and merging with the tree savannas to create a continuous woodland that extended in
many places to the shore of Tulare Lake. The Kaweah oak woodland was so large and
densely clustered that the trees created a canopy in many places (Nordhoff 1872). Oaks
gave way to other trees near the banks of the streams, including Arizona ash, Oregon
ash, sycamore, walnut, cottonwood, and willow (Blake in Williamson 1853, Preston
1981, Farquhar 1932b). The lushness declined south of the Tule River fan, and Deer
Creek was a sharp divide, areas to the south being void of vegetation (Farquhar 1932b).

The rich and fertile landscape of the pre-disturbance Tulare Lake Basin was well-
described by early explorers. An early narrative provides a colorful, guided tour of this
vanished landscape: “Now, let us turn and look westward. The oaks, in their majesty, thickly
cover the plain for miles around, and stretch away to the shore of Tulare Lake. Amongst them
and through high green grass, meander the Four Creeks. To the right, at a distance of 25 miles,
runs the belt of timber, marking the course of the King’s River to the lake. On the left is seen, at
the distance of 20 miles, the broad body of timber that marks the course of the Tulare River. The
body of land, thus bounded, is the best in the valley - well-timbered and watered, and covered
with the best grass in California” (Carson 1852, cited in Browning 1991, p. 60).

b. Composition and Complexity. A useful generalized description of the zonation
pattern characteristic of Central Valley riparian areas was provided by Conard et al.
(1977), who based their analyses upon quantitative evaluation of plant associations at a
number of “pristine” sites (Figure I1-G). This analysis, along with information from
other sources (eyewitness accounts, soil surveys), indicates that riparian forests of the
Central Valley were typically composed of two distinctive kinds of plant associations
that were generally distinguishable from adjoining xeroriparian woodlands by (1)
proximity to the river, (2) comparatively high densities of trees, and (3) the formation of
closed or semi-closed canopies. The forests formed parallel bands that immediately
flanked the river to either side, where soil moisture levels generally remained high
throughout most of the year. High soil moisture (and thus proximity to the river) is a
fundamental ecological requirement of riparian forest associations, which are generally
characterized by high transpiration rates (Thomas et al. 1979). In the forest, much of
this water loss takes place in the canopy, where a large leaf surface area is exposed for
extended periods to direct sunlight and warm, dry wind. Below the canopy, riparian
forests provide a shady, cool and moist microclimate that leads to comparatively low
transpiration rates at lower strata within the forest.

Closest to the river, on lower terrace deposits, a cottonwood/willow assemblage was
found. This assemblage primarily occupied fine-grained alluvial soils of the Columbia
series in the Sacramento Valley along perennial or nearly perennial streams that were
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annually inundated and which provided subsurface irrigation even when the channel
was dry (Holland 1986). This assemblage was dominated by Fremont cottonwood
(Populus fremontii), which, along with willows (Salix spp.) and Oregon ash (Fraxinus
latifolia) formed a canopy that extended to about 100 ft (30 m) in height in mature
stands, and ranged from about 20% to 80% in cover (Conard et al. 1977). Also
contributing to this canopy were occasional California sycamore (Platanus racemosa) and
valley oak (Quercus lobata), typically found rooted in high spots in this zone. Frequent
shrubs and younger trees formed a layered understory. Some herbaceous species -
forbs and grasses - occurred on the forest floor, while lianas were ubiquitous in all
layers, and at times provided 30% to 50% of the ground cover. In all, this mixture
resulted in a relatively narrow and dense zone of vegetation immediately flanking the
river banks.

This cottonwood/willow association generally gave way (often somewhat abruptly) in
most areas to a second, and considerably more extensive riparian forest association
heavily dominated by valley oak. This form of the forest typically occurred on higher
terraces slightly further from the river and above cut banks along the outside of
meanders. Many of the same plants characteristic of the cottonwood/willow
association, including sycamore, box elder (Acer negundo), Oregon ash and black walnut
(Juglans hindsii), were also common, but in comparatively low abundance. Canopy
height was somewhat lower, 50 to 65 ft (15 to 25 m), and the number of trees about half
that of the cottonwood zone. Thus, at ground level, this area appeared somewhat more
open than the jungle-like cottonwood zone. Nonetheless, canopy formation was
comparable to that of the cottonwood zone. Cover values ranged from about 30% to
60% at sites examined by Conard et al. (1977).

In areas where disturbance from overbank flooding was both more frequent and more
severe than in the valley oak riparian zone, the cottonwood/willow assemblage
integrated with mixed riparian forest and at sites yet farther from the river, with valley
oak riparian forest. The mixed riparian assemblage was a tall, dense, winter-deciduous,
broadleafed riparian forest that was dominated by black walnut, sycamore, box elder,
and willows. The tree canopy was usually fairly well closed and moderately dense with
understories of shade-tolerant shrubs such as Cephalanthus occidentalis and Fraxinus
latifolia (Holland 1986, CDWR/CDFG 1976).

The systematic differences in the species composition and distribution of these riparian
associations is primarily attributable to different levels of disturbance experienced by
each. Lower terraces immediately adjacent to the rivers naturally experience more
frequent flooding and high water. These areas therefore tend to be dominated by a
variety of successional stages of trees that are inherently adapted to be effective
“colonizers” of recently disturbed sites - willows and cottonwoods. Higher terraces
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experience less frequent and intense disturbance. Hence, these are typically occupied
by the more mature oak-dominated forest associations adapted to more stable soils and
conditions (CDFG/CDWR 1976, Holland 1986). This basic pattern was subject to
considerable local variability due to localized differences in a number of factors (e.g.,
water availability, soil composition, recruitment of saplings, etc.).

Even closer to the river, on the islets composed of fringing gravel and sand bars that
flooded more frequently, the forest sometimes gave way to plant assemblages adapted
to more extreme levels of disturbance. These are naturally dominated by shrubs and
saplings considerably lower in height, 3 to 16 ft (1 to 5 m), than assemblages of the
neighboring forest (Conard et al. 1977). Dense stands usually had little understory or
herbaceous component and more open stands had grassy understories (Holland 1986).

The xeroriparian component (see discussion at the beginning of this section) further
away from the river was dominated by oak woodlands. They consisted of widely-
spaced, tall, broadleaved deciduous trees, dominated by valley oak (Quercus lobata).
Blue oak, interior live oak, and digger pine (Pinus sabiniana) were occasionally present
in the woodlands that were outside the riparian zone around the margins of the valley.
The undergrowth was primarily grassy California prairie. Fremont described oak
woodlands throughout the Central Valley on his many expeditions there between 1842
and 1854. In the northern portion of the Sacramento Valley near Red Bluff, he observed:
“Our way led through very handsome, open woods principally of oaks, mingled with a
considerable quantity of the oak-shaped pine” (Spence and Jackson 1973, p. 93). Near Cache
Creek, in what is now Yolo County, a member of the 1854 railroad survey party wrote:
“The timber belt is composed of some of the most magnificent oaks | have ever seen. They are not
crowded as in our forests, but grow scattered about in groups or singly, with open grass-covered
glades between them.... There is no undergrowth beneath them, and as far as the eye can reach,
when standing among them, an unending series of great trunks is seen rising from the lawn-like
surface” (quoted in Pavlik et al. 1991, p. 64). In the San Joaquin Valley, Fremont
recorded “open groves of oak, and a grassy sward beneath, with many plants in bloom; some
varieties of which seem to love the shade of the trees, and grow there in close small fields”
(Spence and Jackson 1973). In 1850, Derby described the oak woodlands along the
Kaweah floodplain as “a beautiful, smooth, level plain, covered with clover of different kinds
and high grass, and thickly shaded by one continuous grove of oaks” (Farquhar 1932b, p. 257).
At the outer margins of the woodlands, the riparian zone gave way to fully terrestrial
ecosystems, mainly native grasslands only rarely punctuated by solitary or sparse
stands of valley oak (Figure 11-G).

The general patterns described above should be considered idealized overviews.
Central Valley riparian zones displayed nearly endless spatial and temporal variability
in terms of species composition and dominance, lateral extent, foliage density, etc., as
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they responded to local variations in topography, soils, microclimate, surface water, and
disturbance and subsequent successional processes. Habitat boundaries were often
diffuse rather than sharp, and in some cases, some “typical” components might be
missing entirely. Nonetheless, many of the basic structural features described above
appear to have persisted along much of the lowland rivers.

c. Associated Biological Assemblages. Systematic surveys of riparian fauna of the
Central Valley were not conducted until well after most of the valley had been
substantially modified by 19th century settlers. The following summary reconstruction
of that fauna is therefore based upon fragmentary observations of early explorers, along
with our knowledge of current distribution patterns of native species. As with other
habitats for which we have little or no historical data, we infer that native species that
use this habitat now also used it in the past. This may or may not be true for all species.
Some may have been displaced from more preferred habitats because of the extensive
environmental modification of the valley that has occurred during the last 150 years.
Similar work has been conducted for the San Joaquin Valley and is reported elsewhere
(SJIVDP 1990).

Virtually all native butterflies of the Central VValley have been observed in riparian
habitat. Shapiro (1974) lists 17 species, four of which are endemic to the Central Valley.
The western pond turtle, along with six snakes and thirteen amphibians now constitute
the native herpetofauna (Stebbins 1966). A 1973 springtime census of nine riparian sites
along the Sacramento River identified 129 bird species, 51 of which were migrants and
the remainder of which (78 species) nested along the river (CDWR/CDFG 1976).

Central Valley riparian zones are used by 55 of the 181 mammal species (excluding
marine mammals) found in the state (Trapp et al. 1984). Most widespread river or
stream dependent mammals are river otter, beaver, mink and muskrat (Mayer and
Laudenslayer 1988). Grizzly bears were abundant at the time of the Spanish settlement
of the valley, and were concentrated in riparian forest (Graber 1996). Many other
furbearers have a strong dependency or preference for riparian habitats, including
ringtail, raccoon, mink, grey fox, red fox, coyote and skunks (Brinson et al. 1981,
Grinnell et al. 1937). A variety of bats, squirrels, gophers, rabbits, and others comprise a
less conspicuous component of the mammalian fauna here (Ingles 1965).

IV.A.3. Wetlands

The habitat type defined here as “wetlands” consisted of a mixture of marshes heavily
dominated by tules/bulrushes (Scirpus spp.), waterways, mudflats, extensive meadows
of grasses and forbs often referred to as “wet prairie,” and vernal pools (a feature which
also could be found in riparian zones and more upslope areas).
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a. Extent and Distribution. Under natural conditions, Central Valley lowland wetlands
(non-tidal) extended in a nearly continuous band from Willows in the north to south of
Bakersfield in the Tulare Lake Basin. In the lower portion of the Sacramento Basin,
wetlands were predominantly located in natural flood basins between upland prairies
or oak woodland/savannas and the riparian zone flanking the rivers (Dutzi 1979,
Barbour and Major 1988). Under natural conditions, water remained in the basins until
floods subsided, and then slowly drained back to the river. The flood basins were
distinct in character and evolution from the more upstream floodplains of the transport
zone. Clays, deposited during flood events, formed tight, poorly-drained soils on the
basin floor. The basins were typically inundated every year from a variety of sources:
runoff from local drainages, overflow from the main channel or its upstream
distributary sloughs, and/or backup from the downstream drainage sloughs. This
resulted in frequent and prolonged inundation - ideal conditions for the growth of
extensive tule marshes. However, because the marsh plain would typically dry out by
late summer, peat soils did not form here (as in the Delta marshes), and it appears that
net sedimentation rates in the basins were lower than long term aggradation rates in the
main river channel (Atwater 1982).

In the San Joaquin River Basin, wetlands were primarily located along sloughs
connected to the main river channel rather than overflow areas (Carson 1852 in
Browning 1991), and around the borders of the lakes of the Tulare Lake Basin (Figures
G6, G8). The size of one of the larger such areas along the San Joaquin River was
described by early explorers (Carson 1852 cited in Browning 1991): “On the eastern side of
the river and of nearly the same length, is the immense tule swamp formed by the waters of the
Mariposa, Chowchilla and Fresno rivers; this swamp is from one to ten miles in width, and is of
equal value as that on the opposite side of the river.” In general, the San Joaquin River
flowed through a flatter, more homogeneous topography, and naturally supported a
less extensive riparian forest than did the Sacramento River. Here (and also along the
flood basins flanking the Sacramento River), the flat valley floor surrounding the
riparian forest often took the form of extensive wetlands, dominated by tule marsh.

In 1850, Derby described the marshes between the San Joaquin River and Tulare Lake as
follows: “The whole country for forty miles in extent in a southerly direction by ten in width,
between the San Joaquin river and the Tache lake (Tulare and Goose Lakes), is, during the rainy
season and the succeeding months, until the middle of July, a vast swamp everywhere intersected
by sloughs, which are deep, miry and dangerous” (Farquhar 1932b, p. 261). Blake, a
geologist studying the area in 1853, wrote that “[t]he banks of this lake (Tulare) and of the
others are low and marshy, and in most places are covered with a dense growth of rank grass and
tule. This forms a wide green margin about a portion of the principal lake, and the growth is so
luxuriant and the ground so soft that it is almost impossible to reach the water. The width of
this belt of green tule is variable...and in some places it is over three miles. The plant grows
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partly in water...but grows to an enormous size, attaining a height of from 8 to 15 feet, and
sometimes a diameter of three-quarters of an inch. This plant occupies the ground to the
exclusion of other forms of vegetation; there are no shrubs or trees to overshadow it” (Blake in
Williamson 1853, p. 191-192).

As recently as eighty years ago, an observer (Latta 1937) described the extent and
complexity of this wetland landscape, stating that: “At all times these lakes and connecting
sloughs as well as the San Joaquin River, were bounded with an almost impassable barrier of
tules, willows, and mud flats. During times of high water the basin was filled to a great depth
with flowing water, presenting a barrier passable with stock at probably not more than three
places between the upper end of Kern Lake and San Francisco Bay.”

The location and area of lowland wetlands were systematically mapped by early,
valley-wide government and private surveys. One early effort yields an estimated 1.3
million acres of marsh in the Central Valley, with about a third, or 450,000 acres of that
in the Tulare Lake Basin (Mandeville 1857). A second survey, presumably conducted
between 1878 and 1887, reported about 1.4 million acres of marsh in the Central Valley,
with about 477,000 of that acreage in the Tulare Lake Basin (Hall 1887). Two other
early maps depict “marshes” (i.e., wetlands) for the entire Central Valley, and lead to
estimates of from 1.5 (Goddard 1857) to 2.1 (Baker 1855) million acres of marsh, of
which 217,000 to 621,000 acres were located in the Tulare Lake Basin. Numerous more
localized maps (e.g., Ord 1848, Gibbes 1850, Walthall 1869, Smith and Baker 1877, Hall
1886b) generally agree with the marsh distributions shown on these larger maps (Fox,
personal communication).

For this report, the Hall (1887) map and the Board of Commissioners on Irrigation map
(Alexander et al. 1874) were digitized and area of wetlands calculated. In both cases,
the estimates generated correspond closely with those reported above The Hall map
returns about 1.4 million acres of marsh, while the Board of Commissioners map
(Alexander et al. 1874) returns about 1.3 million acres of marsh. Both of these maps also
indicate that at least 300,000 acres of wetlands occurred in the Sacramento Valley north
of the Delta.

The variation in wetland acreages reflected in these early maps is explained by a
number of factors. The wetland acreage likely fluctuated with seasonal and longer-
term variations in precipitation and runoff. The wetland area encircling Tulare Lake
changed continuously as the lake margin fluctuated with climate. The Hall surveys
may have additionally reflected the effects of early wetland reclamation (which would
have decreased the marsh acreage) and river overflow attributable to sediment
accumulation from hydraulic mining (which could have increased the marsh acreage).
However, it is uncertain when the surveys that Hall’s maps are based on were
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conducted. They may have been based on government surveys conducted prior to
1878, or, alternatively, on original surveys completed by Hall’s survey teams between
1878 and 1887. Finally, the U.S. public survey maps were published annually in
Surveyor General reports, and the one cited here, Mandeville (1857), was prepared
before these surveys were completed.

b. Composition and Complexity. Wetlands are dynamic environments, and their
composition and distribution are temporally and spatially variable. In general, Central
Valley wetlands were dominated by tule (Scirpus actus). Distributary channels feeding
and draining the tule marshes, along with occasional lakes, ponds, vernal pools, and
seasonal meadows (wet prairies) were interspersed among and around the periphery of
the marshes. The meadows appear to have been populated mainly with rushes that
early explorers called “wire grass,” along with alkali grass (Cronise 1868, Farquhar
1932b, Burcham 1957).

Tule marshes of the lowland river systems often grew in monotypic stands that formed
dense mats of emergent vegetation that commonly rose from 6 to 15 feet above the
marshplain (Blake in Williamson 1853). The marshplains were transected by
meandering shallow channels of varying width, connecting the marsh to the river
system and providing an elaborate circulatory system for the rapid exchange of water
and dissolved nutrients, both within the marsh and between the marsh and river.
During most years, it appears that the structure of the vegetative layer underwent
cyclical seasonal variation, with higher portions of the marshes becoming sufficiently
dry during the driest part of the year (fall or early winter) so as to be readily burnable
(Hutchings 1860, Cone 1876). In contrast, lower lying marsh areas appear to have
remained green even during prolonged droughts.

Vernal pools were common seasonal features associated with Central Valley wetlands,
as well as other upland (terrestrial) ecosystems. A vernal pool, or hog wallow, is a
small, hardpan-floored depression that fills with water during the winter and dries up
in spring, supporting various annual plant species that flower, often in concentric rings
of showy colors. These seasonal wetlands were typically small, ranging in size from 10
to 165 feet across up to several hundred acres and were typically shallow (4 to 24
inches) (SJVDP 1990). They formed a bathtub ring around the margins of overflowed
areas, with an extra band through the center of the San Joaquin Valley. Soil data and
photo interpretation suggest they comprised some 415,000 acres historically, of which
11% remained in the early 1970s (Holland 1978).

Vernal pools displayed highly variable and unique physical and biological

characteristics (Holland 1988). Because of this, Central Valley vernal pools supported a
rich and distinctive biota, with at least 100 species of plants as obligate residents of this
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particular habitat (Holland and Jain 1977). Additionally, these temporary bodies of
standing water provided valuable nesting and foraging opportunities for migratory
waterfowl (Swanson et al. 1974).

c. Associated Biological Assemblages. Tule marshes of the Central Valley provided
nesting cover and rich foraging for migratory waterfowl and other avian species, and
supported the highest concentrations of wintering waterfowl along the Pacific Flyway
(Figure 11-H). These areas also provided complex habitat for a variety of fish,
amphibians, reptiles and mammals, including abundant squirrels and beaver, as well as
occasional more wide-ranging predators of the Central Valley such as lynx and (for
most of the system’s history) grizzly bears. Tule elk, as the name suggests, regularly
used these areas as favored foraging grounds. Swarms of mosquitoes and other flying
insects were also a common feature of the marshes: “The marshy region is unhealthy and
infested with mosquitoes in incredible numbers and unparalleled ferocity”” (Brewer 1861) and
“[mosquitoes] [sic] were ravenous” (Phelps 1841 in Busch 1983). Wet prairie provided
foraging meadows for birds and harbored an assortment of small mammals, reptiles,
and insects. These areas also served as drier refuges for animals displaced by high
water from lower lying areas of the wetlands.

IV.B. Ecosystem Function: Essential Processes

Major habitat characteristics of river channels (morphology, substrate composition),
water column (flow rates, depth, temperature, etc.), riparian forests and wetlands of the
Central Valley reflected the natural pattern of water movement through the system,
along with natural patterns of sediment transport and deposition. These processes
interacted with local microclimates, soil structure, topography and biological attributes
(species composition) and processes (e.g., recruitment and succession) to create nearly
endless variability in the composition and distribution of the basic habitat types
comprising these ecosystems. The following sections discuss the hydrology, flood
characteristic, and flow of the natural system.

IV.B.1. Surface Water Hydrology and Geomorphology

a. Hydrology. Prior to 1850, parts of the Central Valley hydrologically functioned in
some ways as a series of reservoirs, seasonally filling and draining every year. This had
the effect of delaying the transmission of flood flows down the Sacramento and San
Joaquin Rivers and reducing peak flows and velocities (Grunsky 1929). On the
Sacramento River, this “reservoir” system was composed of low natural levees flanking
sections of major waterways, and a series of flood basins and low depressions along
parts of the main river channels. Levee development was most extensive where the
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Figure II-H
Waterfowl in Flight

Freshwater emergent marshes provide habitat for millions of migratory waterfowl along the Pacific Flyway.
Colusa County, California, 1930.
Source: California History Room, California State Library, Sacramento, California.
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valley slope is lowest and the duration of overbank flow highest. In the Sacramento
Valley, natural levees are occupied by soils of the Columbia series (Holmes et al. 1916)
and in the San Joaquin Valley, by soils of the Hanford loam series (Nelson et al. 1918),
which are primarily fine to coarse sediments deposited by annual flooding. Along much
of their lengths, water flowed over the levees in thin sheets, until the water level on the
non-river side of the levee rose and joined with the water surface in the channels. When
this happened, all visible trace of a channel was lost and the area took on the
countenance of a large inland sea (Rose et al. 1895).

There were seven topographically distinct flood basins in the Sacramento Valley, which
together could store over 4 million acre feet (MAF) of water. In the San Joaquin Valley,
flood waters spread through a multitude of floodplain sloughs, marshes and other
floodplain habitats flanking the river. Historically, the east side of the Sacramento
Valley was topographically subdivided into the Butte Basin (0.1 to 0.5 MAF estimated
capacity), Sutter Basin (0.6 to 0.9 MAF), American Basin (0.3 to 0.6 MAF) and the
Sacramento Basin. The west side was subdivided into the Colusa Basin (0.7 to 1.0 MAF)
and the Yolo Basin (>1.1 MAF) (Figure G4). The basins covered somewhere between
about 970 to 1,000 mi2 (Clapp and Henshaw 1909). Low areas of the levees, which
occurred periodically along their length, allowed water to escape from river channels
and sloughs, and accumulate in the flood basins even when water levels were not high
enough to overtop the higher portions of the levees (Rose et al. 1895, Hall 1905, Grunsky
1929). Additional (non-flood) water entered the flood basins and depressions flanking
the main river channels from westside tributaries, which occurred along the entire
length of the Central Valley. These had no direct connection to the Sacramento and San
Joaquin Rivers but drained instead directly into the flood basins (Hall undated).

Water accumulated in the flood basins and then slowly drained back into the river or
evaporated after the floods subsided. The Colusa Basin discharged through Sycamore
Slough above Knights Landing, the Yolo Basin through Cache Slough at the foot of
Grand Island, and the eastern basins through the Feather and American Rivers. These
basins could only drain back into the river during flooding when the water elevation
was higher than in the river, or in the summer, after the river fell to a stage below the
water surface of the basin (Grunsky in Davidson et al. 1896). The Sacramento Flood
Basin discharged into the San Joaquin River through its lower tributaries. (Heuer et al.
1905, pp. 6, 28-29). Some of these basins retained flood waters for many months, slowly
disgorging their flows to the main channels, sometimes through July, or allowing them
to evaporate, while others (e.g., the Yolo Basin) drained relatively rapidly at
downstream points (Grunsky 1929, Rose et al. 1895). Overflow into the flood basins
reduced peak flows and velocities in the bypassed reaches of the lower Sacramento
River, allowing occasional sand bars to persist.
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The Yolo Basin, a long narrow bypass/storage channel flanking the main river and
stretching some 40 miles from Knights Landing to Cache Slough, was the largest of the
seven, and drained through Cache Slough above Collinsville. When the flow at
Sacramento reached about 41,000 cfs, an appreciable part entered the Yolo Basin
through levee depressions between Knights Landing and Sacramento, and
subsequently exited through Cache Slough into the lower Sacramento River. Flows
from Cache, Putah, and other creeks also entered the Yolo Basin and exited through
Cache Slough (Hall 1886a). During the high water of 1889, a year for which actual
measurements permit such approximation, the discharge from this basin back into the
Sacramento River was more than twice the flow in the river itself (Grunsky 1929, Rose
et al. 1895). Therefore, it appears that as much as two-thirds of the flow of the
Sacramento River was diverted around the main river channel during flood events, and
discharged instead at the mouth of the river in the Delta.

In contrast to the extensively leveed Sacramento River, the San Joaquin River was
immediately flanked by strips of relatively low land (except at a few points such as
Grayson and San Joaquin City, where the high western plain sloped down to the river
bank). The extensive east and west side low tracts bordering the river were subject to
frequent inundation under natural conditions. The capacity of the river channel was
inadequate to confine flood waters to a single channel, and flood flows spread over
large areas, flowing through numerous sloughs, which sometimes formed as arms of
the main channel. About 150 square miles of land above the Head of Old River were
subject to frequent inundation, and the entire region became a reservoir of slowly
moving waters during floods (Rose et al. 1895, Hall 1880). Where the rivers came
together in the Delta, flows in the lower San Joaquin River were sometimes augmented
by overflows from the Sacramento River. At all stages of the river, there was an
appreciable escape of Sacramento waters through the Georgiana and Three-Mile sloughs... into
the San Joaquin. In times of high flood this is generally a very large item” (Hall 1886a, pp.
406-407).

b. Floods. Widespread flooding along both rivers was common under natural
conditions (Thompson 1960) and persisted through the turn of the century (Thompson
1996). Flooding and deposition are the primary factors that maintain the local
topographic features of lowland riparian zones and allowed the natural levees and
floodplains of the Central Valley to form. Almost all sediment is conveyed by rivers as
fine sand, silts, and clays carried as *“suspended load” in the water column during flood
events. About 10% of transported sediments consist of coarser sands, gravels, and
cobbles carried along the river bed as “bed load” during these higher flow periods.
When flows exceeded channel capacity, floodwaters spilled out over the floodplain,
water velocity decreased, and coarser sediments were deposited near the rim of the
channel, forming natural levees. Finer sediments were deposited widely over the
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floodplain, and become particularly concentrated around obstacles to flow (such as
vegetation). Most of the sediment comprising the floodplain was deposited in this
manner (Leopold et al. 1964). By these mechanisms, the valley floor was gradually
worked and reworked by the deposition of layers of coarse material which were
deposited in the channel and in natural levees and of finer silts and clays that are
dropped out of suspension onto the floodplain. The processes of erosion, transport and
deposition of bed load sediments by successive floods created and maintained the
patterns of meanders, riffles, pools, bars and eroding channel banks, and substrate
composition characteristic of lowland alluvial rivers (Figure 11-D).

Numerous accounts of flooding in the Central Valley prior to 1849 (when gold was
discovered) attest to the fact that widespread flooding in the Central Valley was a
common event prior to the discovery of gold in California. Some of these have been
summarized by Thompson (1960) and Britton (1987a, 1987b), viz.:

“All the trees and roots on the banks afford unequivocal proofs of the power of the flood-
streams, the mud line on a tree we measured exhibiting a rise of ten feet above the present
level, and that of recent date...During the rainy season, which commences about the
middle of November, and terminates about the end of February, the river is said to
overflow its banks (Belcher 1837 in Pierce and Winslow 1979, p. 41).

“At the place where the survey ended, the river was two hundred feet wide, its banks
being twenty feet above the river; but it was evident that its perpendicular rise exceeded
this, as there was every appearance of its overflowing them; and, according to the
testimony of the Indians, the whole country was annually inundated” (Wilkes 1845, p.
189).

“All this country is good and has firewood, but the floods from the rivers submerge it
from the beginning of the warm season until August.....Nothing we have seen today is
suitable for a mission, because the land is flooded, in places for more than a league”
(Viader 1810 in Cook 1960, p. 258, describing a portion of the lands adjoining the
San Joaquin River).

All areas of the Central Valley historically experienced regular flooding, but the
Sacramento and San Joaquin Valleys normally did not flood at the same time. In the
Sacramento Valley, rainfall induced floods (December-March) predominated, while in
the San Joaquin Valley, particularly the Tulare Lake Basin, prolonged snowmelt
flooding (April-June) was the norm. Large, sometimes simultaneous floods in the San
Joaquin and Sacramento Valley occurred during the winter months as a result of
prolonged high elevation rainfall on a saturated snowpack. By all accounts, large floods
were frequent throughout most of California’s colonial history. The largest on record
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occurred in 1862 and converted the entire valley floor into a vast inland lake (Kelley
1989). The flooding observed during the latter half of the 19th century was exacerbated
due to the billions of cubic yards of mining debris which clogged stream channels at
that time.

Different parts of the floodplain experienced markedly different degrees of inundation
over the long term but large portions of the basins were inundated annually by regular
flooding events. In the Sacramento Basin, Hall (1880) estimated that 800,000 acres (1,250
mi2) of the valley “as naturally constituted” were subject to inundation from annual
overflow. He estimated that an additional 288,000 acres (450 mi2) were inundated by
“occasional temporary overflow.” In the trough of the San Joaquin and Tulare Lake Basins
including the San Joaquin portion of the Delta, Hall estimated that 624,000 acres (975
mi?2) of swamp land was subject to periodic inundation. A significant portion of the
overflow lands outside the Delta were located in the Tulare Lake Basin, where the
fluctuating margin of Tulare Lake could engulf hundreds of additional square miles
after a series of wet years.

This report provides an estimate of the historical extent of floodplain inundation, based
on historical mapping and soils classification (Figures G4, G6, and G3). For this
analysis, historical flood basin and floodplain areas were identified based on
descriptions of soil types in USDA soil surveys (Holmes et al. 1916, Nelson et al. 1918).
The lands included in the flood basin and floodplain map were generally described as
subject to “frequent,” “intermittent,” “periodic,” or “occasional” overflow. The results
proved similar to the area mapped as “overflow” lands by the California Department of
Public Works (1931a, 1931b) and depicts the broad-scale pattern of inundation in the
Central Valley under natural conditions. Frequency of inundation is not quantified, but
probably represents a 2-10 year recurrence interval.

Under historical conditions, the combined area of the flood basins, terminal lakes,
floodplains, and tidally-flooded land comprised about 2,730,000 acres (4,250 mi2).
Inundated areas not covered by wetland or riparian forest, or by standing water, were
occupied by a variety of vegetation/habitat types including native perennial and
annual grasslands, and oak woodlands (“other floodplain habitat” on Figures G4, G6).

c. Stream Flows. Flows were naturally dominated by runoff from the upland system.
As the rivers moved toward their mouths, flows were modified by groundwater
exchange, surface evaporation, riparian and marsh evapotranspiration, inflow from
lowland runoff and tributaries, and, under high flow conditions, bank overflow. In the
Sacramento Valley, flood basin storage and release also modified flows (Figure I1-1).
Thus, the resultant natural seasonal pattern of river discharge into the estuary differed
from the pattern of inflow from the upland system.
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% of Annual Discharge

Figure Il-1
Estimated Differences in the Monthly Pattern
of Natural Sacramento Valley Inflow versus Outflow
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The natural inflow into the Sacramento Valley (as calculated at the rim stations
of the Sacramento, Feather, American, and west-side streams) during high
runoff periods was attenuated and temporarily shifted by the storage and
release from the flood basins.

Data from Hall 1887 and California Department of Water Resources.

The first known quantitative estimates of streamflow within the lowland rivers were
made between November 1878 and October 1885 in the Sacramento River at Freeport
and other upstream sites in the Sacramento and San Joaquin Valleys, by the first State
Engineer, William Ham. Hall, and his survey teams (Hall 1886a). Hall’s teams focused
on the Sacramento River to address the then critical issues of flooding, drainage, and
debris (Hall 1880, Part I). The measurements at Freeport were later used to estimate
flows at Collinsville, 57 miles downstream (Hall 1886a), in the first attempt to estimate
the total discharge from the Sacramento Valley into Suisun Bay. The monthly flow

2-47



From the Sierra to the Sea

distribution based on these data (Figure 1l-1) provides a crude approximation of the
monthly pattern of discharge that was present at the mouth of the Sacramento River in
the 1878-1885 period. However, the absolute magnitude of these flows in the high flow
months is not accurately ascertained by Hall’s measurements, because anywhere from
one-half to two-thirds of flood flows bypassed Sacramento (via the flood basins, see
above) and therefore were not measured by Hall’s gauges, but were instead simply
estimated. Low flow measurements at Freeport were affected by tides but are
consistent with upstream measurements and thus are considered a more accurate
estimate of the discharge.

Additionally, by the time these measurements were initiated (1878), a number of human
interventions may have already altered the “natural” riverine hydrograph, particularly
along lower portions of the Sacramento and Feather rivers. In these reaches, natural
levees had been artificially raised, mining debris clogged river channels, portions of
flood basins had been reclaimed, riparian forest had been harvested, and some
diversion of river flows for irrigation and mining was under way. Despite these locally
significant interventions and the questionable accuracy of Hall’s high flow estimates,
his estimates of proportionate monthly distribution, although crude, are probably
generally reflective of the natural pattern. These values, used in conjunction with
unimpaired rim inflows derived from recent (1921-94) measurements, suggest that the
flood basins historically functioned as a buffer, shifting high January-May upstream
flows to a March-June high river outflow period.

Flows were also directly gauged (measured on a calibrated rod) on the Sacramento
River at Sacramento since September 1849, and at Red Bluff since December 1879 (Rose
et al. 1895). These data are directly proportional to the flows that were actually present
in the river, and therefore provide useful information on flows under natural
conditions. The data shows that the discharge at Red Bluff was characterized by a large
number of discrete flow pulses, corresponding to individual storms in the upper
watershed. Flows entered the valley floor as pulses or spikes of relatively short
duration, typically lasting 1 to 2 days to a week. The duration of these pulses was
increased, and their magnitude and timing substantially reduced by the time they
reached Sacramento (Figure 1l-J). These changes were due to the attenuating influence
of the upstream flood basins and substantial additional inflows from the Yuba, Feather,
and American Rivers.
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Rod Height (feet)

Figure 1l-J
Modifying Effects of Flood Basin and Tributary Inflow
on the Lowland Sacramento River Flow
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This graph compares the daily rod records for the Sacramento River at Red Bluff and
Sacramento during the 1880s, when the flood basins were still functional but some
modification of the natural hydrology had occurred because of land reclamation
and hydraulic mining. No adjustment was made to the Sacramento record for the
shifting bed due to the influx of mining debris. The highly variable precipitation
runoff at Red Bluff was attenuated by the flood basins and tributary inflow by the
time it reached Sacramento. Temporal shifts also resulted from the greater
snowmelt runoff from the Feather and American Rivers.

Data from Rose et al. 1895.
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IV.B.2. Groundwater Hydrology

Relatively little is known about natural groundwater hydrology. The first serious
attempt to rigorously examine this aspect of system hydrology was initiated by the U.S.
Geological Survey at the turn of the century, when groundwater was being developed
as an irrigation supply and the system was already highly modified (Bryan 1915,
Mendenhall et al. 1916, Bryan 1923). Additional information has been derived from
modern attempts to reconstruct the natural hydrology of this system (Williamson et al.
1985, 1989). Groundwater is believed to have originated as recharge in the low hills
along the perimeter of the valley and in the upper reaches of streams, as well as from
deep percolation of precipitation on the Valley floor. The water table roughly paralleled
the land surface (Williamson et al. 1989), and groundwater moved toward the
topographically low areas in the center of the valley. As groundwater passed through
the Valley, most of it was either lost to the atmosphere through direct evaporation or
plant transpiration, or ended its journey as subsurface discharge to local streams. The
amount retained as subsurface flow and eventually discharging to Suisun Bay appears
to have been negligible (Williamson et al. 1989).

Surface evaporation, which is seasonally high in the arid summers and falls of the
Central Valley, accounted for substantial loss of groundwater to the atmosphere.
Groundwater discharged at the surface over a wide area where the water table was less
than about 8 feet from the surface. As it percolated to the surface and evaporated,
dissolved materials remained at the point of evaporation, creating extensive deposits of
alkaline surface soils scattered throughout the Valley (Bryan 1923). Alkaline soils are
present throughout the Central Valley, but most are concentrated in the San Joaquin
and Tulare Lake Basins (Hutchison 1946).

Much of the valley’s groundwater was discharged directly into the atmosphere and
standing water at the surface. It was undoubtedly an important water supply for
wetlands, riparian vegetation, and oak woodland/savannas. One early 20th century
estimate suggests that at that time, about 80% of the Sacramento Valley had
groundwater levels of 25 ft or less. Bryan (1923) and Williamson et al. (1989) estimated
that 13 million acre-ft/yr of water evaporated directly from groundwater in the central
part of the Valley, where the water table was within 10 feet of the ground surface.
About 40 percent of this amount was estimated to be supplied from local precipitation
and most of the remainder from local stream channels. In the Tulare Lake Basin, much
of the groundwater discharge was to Tulare Lake and surrounding areas, which
drained into the San Joaquin River during high flows.

The Irrigation Congress, reporting on field work for canals in the San Joaquin and
Tulare Lake Basins, speculated that “the San Joaquin receives an important accession of
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volume from underground drainage - probably from the Tulare Lake drainage” (Anonymous
1873, p. 8). However, most accounts of groundwater in this area indicate that it was
“stagnant” (Mendenhall et al. 1916), discharging at the surface. Additionally,
groundwater contours of the Valley (e.g., Ingerson 1941, Mendenhall et al. 1916)
indicate that groundwater predominantly moved downslope toward the valley trough,
rather than along the axis of the valley. Further, the suggestion is not validated by
modern groundwater models (Williamson et al. 1989).

Early accounts suggest that in the pre-disturbance Central Valley, water tables were
high and springs and artesian wells were common. Wells that flowed without pumps
were documented as early as the 1880s over large areas throughout the Valley (Hall
1889) and were shown to cover an extensive area along the valley trough, from San
Joaquin County south to Kern County, as late as 1905 (Mendenhall et al. 1916).

A large segment of the upland portion of the northern and northeastern watershed of
the Sacramento River, and a portion of the Feather River watershed, is composed of
porous volcanic material. Precipitation infiltrates rapidly and historically recharged an
aquifer system that sustained a fairly constant and substantial year-round spring flow.
This phenomenon affected summer inflow to the lowland rivers, sustaining minimum
summer flows of about 4,000 cfs in the Sacramento River at Red Bluff and about 800 cfs
in the Feather River as it discharged into the lowlands. It is possible that without this
spring flow, which was estimated to have contributed about 3 MAF/yr of water,
portions of the lowland Sacramento and Feather Rivers would have almost gone dry
during most fall seasons (Grunsky 1924, 1929). The westside tributaries were also
spring fed, disappearing underground in the foothills (Hall undated) to recharge local
aquifers. Streams in the San Joaquin River and Tulare Lake Basins were also believed to
be fed by subsurface discharge. The flow in the San Joaquin River between the railroad
crossing and Firebaugh doubled even though the interval did not receive a single
tributary. The flow in the Kings River doubled between Centerville and the upper ferry
and again between the upper ferry and Kingston, even though there was no tributary
inflow (Anonymous 1873).

1IV.B.3. Disturbance and Succession

Those portions of alluvial floodplains immediately bordering river channels of the
Central Valley were particularly dynamic environments, continually disturbed and
rearranged by the frequent flooding documented and described above. The floodplains
were also continually reshaped by depositional processes accompanying river
meandering (Brice 1977). As the river migrated laterally (meandered) across the
floodplain, it eroded sediment from the outer banks of riverbends and redeposited it as
a series of “point bars” that formed outward from the inner bank of riverbends (Figure
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[1-D). In this manner, the channel maintained its full bank width while continuously
redistributing and reshaping the floodplain as it moved across the valley floor.
Additionally, in the lowland riparian zones, deep, finely-textured soils are exposed to
direct sunlight and strong winds for extended periods.

These combined forms of disturbance created rich opportunities for riparian
successional processes. The general process of succession in riparian zones is common
to river systems throughout the geographic region, and still occurs today at relatively
undisturbed sites. At first, common riparian plants like willows and cottonwoods
disperse abundant small seeds to pioneer onto newly deposited substrates. Secondary
successional species then seed on the developing terraces under the shade of the now
taller willows and cottonwoods. Eventually, the terraces develop more mature plant
assemblages that include shade tolerant species, such as valley oak. As with the upland
systems, periodic disturbance from floods, fire, wind, and seasonal variability in
instream water levels were instrumental in maintaining the diverse structural and
biological characteristics of Central Valley riparian forests. The maintenance of riparian
forests of the lowland rivers is also highly dependent upon adequate groundwater
levels. Normally, these are sustained by absorption through the bank and channel soils
during the dry season, and are seasonally augmented by lateral sheet flows during
periodic flooding.

An additional form of periodic disturbance highly influential in creating and
maintaining riparian habitat structural complexity was the activities of large animals,
including feeding and foraging, burrowing, wallowing, building of dams, etc. The
result of these activities was to increase the variety and complexity of micro-habitats
within the riparian zone, along with a variety of effects on ecosystem processes such as
nutrient cycling and productivity within riparian areas, and stimulating the flux of
energy and materials among nearby ecosystems (Naiman and Rogers 1997).

IV.B.4. Community Energetics: The Acquisition and Cycling of Organic
Carbon and Nutrients

Community energetics in river-floodplain systems of the Central Valley were not
described or studied prior to massive human intervention of the last 150 years. Thus,
much of the information provided here is necessarily derived from our modern
understanding of fundamental aspects of the ecology of large river-riparian ecosystems
in general. Because these are widespread and common features of modern examples of
pristine river-riparian systems, there is good reason to believe that they are also
inherent natural characteristics of Central Valley river-floodplain ecosystems.
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a. Sources. River-riparian ecosystems naturally acquire energy and nutrients from
internal production, and transfer from other adjacent systems, primarily through the
movement and activities of large, wide-ranging animals and as inflow from the
upstream portion of the watershed. Mature gallery riparian forests represent the most
productive habitat in the state (CSLC 1993), and along with marshes display
productivities similar to those of tropical rain forests (Major 1977). It is likely that
riparian vegetation represented the largest single source of organic nutrients to riverine
habitat and the ecosystem as a whole.

However, instream production plays a decidedly greater role here than in upland
systems. The once bountiful salmon population, estimated at 1 to 3 million returning
spawners annually (Moyle and Yoshiyama 1992, Moyle et al. 1996), was undoubtedly
an important source of organic matter in natural streams throughout the Central Valley.
Phelps described the Sacramento River in 1841, noting that “in the latter part of the season
the surface of the river is nearly covered with dead rotten salmon floating to the sea” (Busch
1983, p. 200). Moyle and Yoshiyama (1992) estimated that 20 to 80 million pounds of
organic matter were released into the river system, representing a major nutrient
source.

As in all aquatic ecosystems, primary production in the water column is limited to that
upper portion in which light levels are sufficient to support photosynthesis (photic
zone). The extent of this zone varies daily and seasonally, and depends upon ambient
light levels and water transparency. Production may also occur in sufficiently
illuminated benthic habitats. In upstream reaches of the large Central Valley rivers,
benthic algae are common and phytoplankton are rare. In downstream reaches,
increased turbidity and depth limits the growth of attached algae, but increased
nutrient concentrations allows for an abundant phytoplankton community (CSLC 1993).
These tend to be mainly comprised of diatoms that respond to increased light,
temperature and nutrient levels by rapidly increasing population levels (blooming) in
the spring.

b. Cycling and Exchange. Since water is constantly transporting nutrients downstream,
there is little opportunity within riverine habitats for the site-specific nutrient cycling
commonly seen in terrestrial systems, except in off-channel backwaters and marshes
(Hynes 1970). Instead, seasonal flooding distributes dissolved and suspended nutrients
from the entire basin over the floodplain, where cycling occurs. The rich soils of both
forests and marshes harbor a considerable biomass (both on and within their surfaces)
in the form of decaying vegetation and other organic debris. Fungi, subsurface
interstitial bacteria, and microorganisms in groundwater are the chief decomposers.
These break down and assimilate detritus, thereby releasing the stored nitrogen back
into the soil and water in a form readily utilizable by other forms of life.
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Both insects and microorganisms recycle organic nutrients through feeding and
decomposition networks. Insects are the most ubiquitous herbivores and scavengers of
river and riparian habitats, and represent a primary link between trophic levels of river-
riparian ecosystems, as well as among their component habitat types (Goldman and
Horne 1983). Both terrestrial and purely aquatic insects depend on both riverine and
riparian habitats for at least some part of their life history. They feed upon living plants
and detritus (and one another), and are in turn heavily preyed upon by larger animals,
including birds, bats, fishes, reptiles, amphibians, and small mammals. These small
vertebrates form intermediate trophic links, and, along with insects, also feed upon
plants, detritus, and one another.

Many of the larger predators of the system, along with some of the larger herbivores,
were more wide-ranging species. In its natural state, the river-floodplain ecosystem as a
whole provided partial support to a diverse collection of larger animals that regularly
occupied territories that included this, as well as other more upland ecosystems.
Together, these diverse ecosystems comprised an ecologically rich landscape that
supported thriving populations of large range wildlife, including deer, tule elk,
pronghorn, grizzly bears, mountain lions and bald eagles, as well as many hundreds of
less conspicuous native plant and animal species. The movement and activities of these
larger animals provided an avenue of exchange of energy and nutrients both among
habitats (river-riparian) as well as with adjacent ecosystems. Through consumption,
assimilation, death and excretion, both biomass and nutrients were exchanged.

c. Sinks. Downstream flow and burial, and consumption and removal by larger wide-
ranging animals were probably major nutrient sinks for the ecosystem.

V. The Delta

The Delta is the easternmost (upstream) portion of the estuary, and today is clearly
delimited by a legal boundary that includes areas that historically were intertidal, along
with supra-tidal portions of the floodplains of the Sacramento and San Joaquin Rivers.
It is a flat, roughly triangular area extending to the northeast and southeast from Chipps
Island (the legal western boundary of the Delta - about 4 miles west of the confluence of
these rivers: Figure G10). The Sacramento and San Joaquin Rivers enter the Delta from
the north and south respectively, where they join and together discharge their contents
to the lower estuary (San Francisco Bay). At the time of the early European explorers,
this area was largely a vast, sea-level swamp, composed mostly of large tracts of
intertidal wetlands (Figure 11-K) transected by a complex network of waterways of
varying size (Thompson 1957). Around the historical Delta’s intertidal perimeter, tidal
wetlands merged gradually into non-tidal wetlands, and further upland into oak
woodlands and grasslands dotted with vernal pools.
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Figure II-K
Early View of the Delta

A Delta marsh bordering the San Joaquin River: "The foreground shows the
dominant vegetation of the tidal marshes where the water is fresh or

nearly fresh. The bushes mark the position of the natural levee, here low.
An artificial levee may be faintly seen above the rushes. The work of
reclamation was in progress at the date of the view: August 31, 1905."
Source: U.S. Geological Survey, Gilbert, G.K., Photo No. 26&4.
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The Delta and San Francisco Bay represent contiguous components of a single estuary.
However, this report treats the two areas as distinct ecosystems because of notable and
systematic differences in their general physical structure, hydrology, water column
characteristics, and resident biotas. Differences between the two parts of the estuary
become particularly pronounced west of the Carquinez Straits. Nonetheless, some of
the “average” conditions that generally serve to distinguish the Delta and the Bay
(particularly those related to the nature of the water column) do not always apply.
Some conditions change along gradients that vary in space and time, rather than
changing abruptly at fixed geographic locations.

For most of its geologic history, the Delta was an unusually dynamic environment. To
the extent possible, the summary description of the “natural” structure and function of
this ecosystem provided below is based upon the system as it existed around 1850, the
earliest historical period for which we have sufficient information to provide such a
description. The terms “natural’” or *“historical” Delta are used here in that context.

V.A. Ecosystem Structure: Habitat Types and Biological Assemblages

The pre-Gold Rush Delta has sometimes been characterized as “one vast tule marsh,”
suggesting that this area was little more than a somewhat simple, homogeneous habitat
consisting almost exclusively of monotypic stands of tule and covering a very large
region. Such a perspective might in fact be readily inferred through consideration of
soil maps, or from certain anecdotal accounts of early observers, most of whose view of
the Delta was limited to that which could be seen from the deck of a ship travelling
along its major channels, for example: “Everything is tule swamp on each side...the banks are
covered with nothing but tule, and so high that one sees nothing but sky, water and tule”
(Abella 1811 in Cook 1960, pp. 261-262).

However, from an ecological standpoint such descriptions are oversimplifications that
fail to reflect the considerable habitat complexity and diversity that allowed the Delta
ecosystem to support such an unusually rich and diverse native biological community.
The natural Delta contained a wide variety of plant life, a fact enthusiastically reported
in an early biennial report of the Fish and Game Commission: “All the reeds, seeds, bulbs,
and succulent water grasses, except rice, known to the eastern and middle states and classified
by the Department of Agriculture grow in the greatest luxuriance. Many varieties of roots and
grasses which I am unable to identify are also much in evidence” (Skinner 1962, p. 139).

The picture of the historical Delta presented here is derived from a large number of
historical accounts of explorers that viewed the Delta from a variety of perspectives, or
who actually penetrated areas beyond the larger river channels. These early narratives
are supplemented with the results of some careful modern examinations of remaining
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remnants of Delta habitat (e.g., Thompson 1957, Atwater 1980a) and surface geology
(Atwater and Belknap 1980) to attempt to reconstruct a more comprehensive ecological
perspective of the natural Delta environment than has been previously available.

Three major “depositional environments” of the historical (circa 1850) Delta
distinguished by Atwater and Belknap (1980) also define the system’s major habitat
types: intertidal wetlands, subtidal waterways, and elevated (supratidal) landforms
(mainly levees) which typically supported riparian vegetation. These are described
below and mapped on Figure G10.

V.A.L Intertidal Wetlands

This includes all areas alternately submerged and exposed by the tides. Major
structural features included marshplains and their smaller drainage channels, semi-
permanent bodies of standing water alternately described as “ponds,” “pools” and
“lakes,” and mudflats. It is apparent that the Delta’s wetlands were dominated by
emergent vegetation (Atwater 1979, Thompson 1957). However, because this habitat
type no longer exists as such, save in a few small and fragmented remnants, and
because early descriptive observations were not stated in quantitative terms, the
proportionate cover of the “subhabitats” (emergent vegetation, open water, mudflats) is
speculative and no attempt is made here to quantify each.

a. Distribution and Extent. About 87% or 321,000 acres (502 mi2 or 1300 km?) of the
Delta circa 1850 consisted of intertidal wetlands (Atwater and Belknap 1980). Intertidal
wetlands were most prevalent and continuous in the southern and central (San Joaquin-
influenced) Delta, which consisted almost exclusively of this habitat type (Thompson
1957, Atwater 1980a, Atwater and Belknap 1980). Along the Sacramento River, supra-
tidal natural levees cordoned off islands (such as Merritt and Sutter) from tidal waters
and left them as non-tidal tule wetlands (Atwater 1982).

b. Composition and Complexity. Intertidal wetlands of the historical Delta displayed
minimal topographic relief. Most of these areas were within + 0.7 ft (+ 0.2 m) of the
average highest daily tide (Atwater and Belknap 1980). The wetlands consisted of a
complex and spatially variable mosaic of marshplains (generally dominated by tule
Scirpus actus), more diverse and complex plant assemblages, small (pools and ponds)
and large (lakes) bodies of open water, and mud flats. The wetlands were periodically
interrupted and transected by the other major habitat types of the ecosystem - subtidal
waterways and their supratidal levees (described below) - creating a diverse and
complex landscape. Wetlands of the historical Delta have also been generally referred
to as “backswamp” (Thompson 1957) or frequently simply as “tule marsh.” The former
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is a more apt descriptor since stands of tule only accounted for a portion of the area,
with other plant associations and structural features also prevalent at many sites.

The appearance of the wetlands varied considerably on both a daily and seasonal basis,
as the swamp was alternately inundated and exposed as a result of changes in tides,
precipitation, and discharge from the lowland rivers. Most of the Delta was inundated
twice daily, as high tide raised water levels above the plane of the swamps (Rose et al.
1895). Thompson (1957, p. 13) concluded that: “In the undisturbed state of a century ago
about three-fifths of the Delta was awash with an ordinary tide. Spring tides could submerge all
of the backswamp. River floods were capable of overflowing the entire Delta, particularly when
crests, high tides, and westerly winds created a congestion above the outlet into Suisun Bay.”
More of the wetlands became seasonally submerged during the winter and early spring,
when high river discharge raised water levels. During large floods, water could rise 10
to 15 feet above the average plane of the swamp, giving the entire area the appearance
of a large inland sea.

Tidal flows to and from the wetlands were alternately distributed and collected by an
intricate branching network of channels that ramified from the larger subtidal
waterways. The size and drainage density of these were highly variable among
locations, dictated by the area and tidal prism (the volume of water between high and
low tides) of the area they supplied. The complexity and variability of the Delta’s
channelized landscape is well described by early explorers, e.g., “[t]hese sloughs wind
through an immense timbered swamp, and constitute a terraqueous labyrinth of such intricacy
that unskillful and inexperienced navigators have been lost for many days in it, and some, | have
been told, have perished, never finding their way out” (Bryant 1846, p. 343). “We cruised to the
south, but there are so many twists and windings that at times we circled the compass” (Abella
1811 in Cook 1960, p. 262). “The country a little way to the Westward of us is a continuation
of swampy lakes of bulrushes all under water...” (Work 1833 in Maloney 1945, p. 61). The
smallest were narrow dead-end sloughs, whose nearby wetlands “supported fewer
shrubby species and more stands of common reed (Phragmites australis)” (Atwater 1980a, p.
16).

Emergent Vegetation. Differences in the general topography and structure of the
northern versus south-central Delta led to systematic differences in the distribution and
character of the wetlands and emergent vegetation that typified these two regions.
Atwater (1980a, p. 16) noted that “tidal wetlands contiguous with alluvial flood basins of the
ancestral Sacramento River possessed tree- and shrub-covered natural levees along major
drainages and a dominance of [tule] Scirpus actus elsewhere,” whereas “wetlands along
predominantly tidal tributaries of the ancestral San Joaquin River supported an irregular,
overlapping patchwork of bulrushes (Scirpus spp.), willows, cat-tails, lady fern and many
subordinate species.” By analogy, he concludes that “wetlands along dead-end sloughs
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supported fewer shrubby species and more stands of common reed (Phragmites australis).
Similar conditions may have prevailed in adjacent wetlands distant from waterways” (Atwater
19804, p. 16). This is consistent with an 1833 hand-drawn schematic map of the Delta,
which characterizes the vegetation along the San Joaquin River and its distributaries as
willows (sauces) or willow and tules (tulares y sauces), while much of the rest of the Delta
is simply characterized as tule marsh (Figure 1I-L).

The river and slough channels subdivided the swamp into a series of “islands,” in
which a central expanse of tidal wetlands was surrounded and “isolated” by
waterways. In the south-central Delta, low and irregular banks allowed the island
interiors to be flooded with each high tide. This more complex, irregular topography
led to greatly increased plant diversity in comparison with the flatter, more
homogeneous flood basin marshplains of the northern Delta. South-central Delta
“islands” supported over 70 kinds of native plants, some of which were epiphytes
(Atwater et al. 1979, Atwater 1980a). In some places, tule-dominated marshplains and
the island-swamps of the south-central Delta graded into an intermediate type of
wetlands that combined features of both (Atwater and Belknap 1980). An idealized
diagrammatic representation of plant zonation patterns of the natural Delta is presented
in Figure 11-M, which has been adapted from Conard et al. (1977). As emergent
vegetation died and decayed, it contributed to the rich layer of peat soil that
characterizes the Delta in general.

Open Water Bodies (ponds/pools/lakes). Interspersed among the marshplains and
other stands of emergent vegetation were frequent shallow, open water bodies largely
devoid of emergent vegetation and with quite different habitat characteristics than the
surrounding terrain. These were variously described by early observers as “lakes,”
“ponds,” and “pools,” and appear to have been highly variable in extent, depending
upon location and water levels. Many of these areas may well have seasonally
alternated between subtidal and intertidal conditions, covered by standing water
throughout much of the year, but partially exposed under low water conditions.
Although ecological characterization of these features is difficult due to the abbreviated
and anecdotal nature of most early descriptions, numerous eyewitness accounts leave
little doubt that these were common and persistent features of the natural wetland
landscape: “I have seen the water in some of them [small marshplain drainage sloughs] a foot
lower than the river, and rushing in like a mill stream; these discharge into small lakes or spread
out into the tule” (Gibbes 1850a, describing exploration of a portion of the Delta above
the mouth of the San Joaquin). “This plain probably must exceed one hundred and twenty
leagues in length and is in places twenty, fifteen, or fewer leagues wide. In its entirety it is a
labyrinth of lakes and tulares” (Fages/Crespi April 1772 in Treutlein, p. 355). Early maps
document some of the larger lakes in the northern Delta, as well as more numerous
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Figure II-L
Earliest Map of the Delta and Sacramento Region
(ca. 1833)

John R. Cooper requested land in the Sacramento Valley from Mexican officials in 1833, but
never settled it. The land embraced the Rio Ojotska (now the American River). The map
identifies landscape features, including oaks, oak groves, and evergreen oak groves (robles,
roblar, encinal), forests (bosque), tule marshes (tulares), willows (sauces), hills (lomeria),
sand dunes (medanos), a lake (laguna), mud (fango), barren land (tierras esteriles), and

lands suitable for cultivation (tierras de cultivo). (Translations based on Headworth and Stines
1998 and Guinle 1981.)

Source: Cooper 1833 in Severson 1973.
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smaller lakes and “ponds” that were regular features throughout the south-central
Delta (Gibbes 1850Db).

Mudflats. In contrast to the common references to “lakes” and *“ponds,” references to
mudflats are relatively rare in historical narratives, even though these were sometimes
mapped as discrete features of the Delta (e.g., Ringgold 1852). The reason for this is
open to a number of possible interpretations. It seems quite possible that mudflats are
far less commonly mentioned than “lakes” and “ponds” because they were only
temporarily (at low tide and at times of low river discharge) exposed, and at such times
were also particularly inaccessible to early observers who traveled mainly along deeper
channels. However, the fact that mud is not identified as a discrete phase in numerous
borings (e.g., Atwater 1982) or in soil surveys (e.g., Cosby 1941), suggests that in fact
mudflats were naturally somewhat uncommon or inconspicuous features of this part of
the estuary.

Only two clear narrative references to Delta mudflats were uncovered by this study.
Ringgold mapped a large expanse of mud at the mouth of Cache Slough (which drained
the vast Yolo Flood Basin), and wrote: “On the west, the waters terminate and waste
themselves in swamps and mudflats” (Ringgold 1852, p. 39). Duvall, who visited the Delta
in 1846, wrote of the confluence of the Sacramento and San Joaquin Rivers at the Delta’s
western margin: “The river at the entrance is about two hundred and fifty yards wide, the
channel of the river being very much encroached upon by the muddy flats which extend towards
it from dry land for several hundred yards” (Rogers 1957, p.14).

V.A.2.  Subtidal Waterways

This feature consisted of the main river channels and larger distributary channels that
contained standing water even at the lowest of tides. Major structural subdivisions are
(1) the channel bed and banks and (2) the water column contained within the channel.

a. Distribution and Extent. An estimated 25,000 acres (39 mi2 or 100 km?) of subtidal
waterway traversed the intertidal swamps of the 1850 Delta (Atwater and Belknap
1980). The distribution of these features is presented in Figure G10.

b. Composition and Complexity. Subtidal waterways were of two main types:
riverine channels, and their connected large distributary sloughs, each with differing
hydrogeomorphic and ecological characteristics. Water movement in subtidal
waterways (which strongly influences many other ecological characteristics) varied
considerably with differences in channel width, inflow, and connection to other
channels.
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River channels are the primary conduits of freshwater through the Delta to Suisun Bay.
The natural downstream movement of water here is at times counteracted by tidal
influence, but nonetheless creates comparatively high rates of water movement (low
residence times) and net downstream transport. Of the two main rivers, channels of the
Sacramento generally maintained higher net downstream flows than did the San
Joaquin. The San Joaquin River collected most of the tidal prism of the Delta, and was
naturally scoured to a depth of about 30 feet where it joined the Sacramento River and
discharged into Suisun Bay. Where these rivers joined, their mouths were obstructed
by comparatively shallow sand shoals, a navigational hazard frequently noted by
sailors of the mid-19th century (Ringgold 1852).

Branching off the main river channels were large distributary sloughs. Because of their
configuration, water movement in slough channels was primarily controlled by the
tides. Hence, it was comparatively slow and bi-directional, leading to high residence
times. Thus, distributary sloughs were typically characterized by greater water
transparency, finer benthic sediments, more developed benthic vegetation, and higher
phytoplankton and zooplankton concentrations than are generally found in active river
channels. Because of these characteristics, sloughs represented a quite different habitat
than did the river channels for many fishes and other aquatic organisms.

Where water velocities were sufficient, elevated “point bars” formed in the meander
bends of the larger waterways (Thompson 1957). Some of these later became isolated
by branching channels to form mid-channel “islets” that support characteristic riparian
assemblages - dense thickets of cottonwood, alder and willow saplings - particularly
adapted to such low-profile, high-disturbance environments (Conard et al. 1977). Some
of these were mapped by Ringgold in 1850. These islets were particularly prevalent in
the south-central Delta (Atwater and Belknap 1980) and were reported to be frequently
occupied by large beaver colonies: “Beaver were very numerous...on the hundreds of small
rush-covered islands...There is probably no spot of equal extent in the whole continent of
America which contains so many of the much-sought animals” (Thomas Farnham 1840 in
Skinner 1962, p. 157). The Delta’s beaver colonies probably contributed substantially to
the addition of large woody debris to the waterways, creating additional habitat
complexity.

Sediment characteristics at any given site were primarily determined by inflow
composition and velocity. Benthic sediments of the waterways were almost entirely
comprised of sand and soft mud, which were commonly stratified and had low organic
carbon content (<15%). Beneath major waterways, deposits locally graded downward
into gravel (Atwater and Belknap 1980, Hymanson et al. 1994). Sediment characteristics
at any given site were primarily determined by inflow composition and velocity.
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V.A.3. Supratidal Landforms

Delta landforms beyond the reach of the highest tides included natural levees and sand
mounds. Mid-channel islets were also in some cases supratidal, but are considered in
the previous subsection (Subtidal Waterways) as part of another habitat type.

a. Distribution and Extent. Atwater and Belknap (1980) estimated the extent of
supratidal landforms to be about 25,000 acres (39 mi2 or 100 km?) circa 1850. The vast
majority of this habitat type was in the form of natural levees bordering subtidal
waterways. Thus, the distribution and extent of these two habitat types correspond
quite closely. Natural levees were best developed and more extensive along the main
branches and distributary sloughs of the Sacramento River in the northern Delta, but
occurred in the south-central Delta as well, particularly along the major channels of the
San Joaquin River (Figure G6). The comparatively rare and much smaller (in areal
extent) sand mounds were most numerous in the west central Delta.

b. Composition and Complexity. The natural levees of the Delta are depositional land
forms consisting primarily of sand, silt, and silty clay (Atwater 1982). They are
characterized by abrupt faces towards the channels, with more gentle slopes towards
the intertidal wetlands. Although natural levees somewhat isolated waterways from
the wetlands at most times, large floods would periodically top the levees, which then
essentially became large spillways forming a one-way connection between the subtidal
waterways and backswamp (Thompson 1957).

The height and lateral extent of the Delta’s natural levees varied widely. Those along
the upper Sacramento River above Isleton were the widest and best-developed in the
entire Delta (Thompson 1957). On western Sherman Island, Sacramento River levees
appear to have been at the level of Suisun Bay at low-tide, low-water stage (Thompson
1957) and apparently supported marsh rather than riparian vegetation. This is clearly
illustrated by an 1833 map of the Delta (Figure 1I-L), which shows tule marsh (tulares)
bordering the lower Sacramento River, and is documented by numerous eyewitness
accounts. InJjuly 1841, Phelps described the confluence, viz. “All the distance the banks
were low and covered with flags or tules....” Travelling further up the Sacramento River,
“having passed all the tule, we ran along the high banks on which were many high trees”
(Phelps 1841 in Busch 1983, p. 191) and “[t]he banks increase in altitude, gradually, after
leaving the mouth of the river, and groves of sycamore and oaks are soon reached” (Ringgold
1852, p. 28). In the vicinity of Freeport on the Sacramento River (Figure 11-N), the
natural levees were about 75 ft wide and about 14 feet above low water in 1850
(McClure 1925, Ringgold 1852, CCPW 1895) and approached 24 feet near Sacramento.
The banks of the Old River distributary of the San Joaquin River seem to have been
fairly well developed along the present Union and Victoria islands to the latitude of

2-64



G9-¢

') 86T X04 :824Nn0S
(G26T ‘OT6T uosdar) |e1 4 GT 01 dn uonelabaa ysrew ajn] pue ||e118a) 0/ 01 O 919Mm saall uelredry

"(GZ6T 2IN|D2N) A3ISN ¥ 02+ ueq Wbl syl Buole pue ‘a3sN Y 8T+ sem yued ya| ay) Buore ybiay 9aA3| [eineN (S68T MDD

‘2G8T plobbury) 1 G/ INoge sem YIpIm 88A3| [ednieu pue ‘Y 006 Sem UIpIM [puueyd ayl ‘i OE 01 0Z Sem 0G8T Ul Jayem Moj e yidap Jarepn
("1an8] B8S UBBW aA0Qe 1 9'S Sem Ydalym wnyep a3asn ayl 01 padjualalal) d3sn U 02- Sem TH8T Ul WoNog |[suueyd JaAly ojusweldes ayl

S =HENEIE NS
=i nuw._ma

(wnjep Qg '3°S°N @A0Qe )} 9°¢) "14 Ul
|oAe] BBS UBAY O] JBjo) SUOIIEAS|T

toqmm._n_ ]e IoAly Olusweldes ay] JO UOol1daS-SS0.1D
N-II @1nBi

om] Jardeyd



From the Sierra to the Sea

Rough and Ready Island (Thompson 1957), but in general, natural levees were
apparently lacking in the south-central Delta (Atwater 1980a). Distributary sloughs, as
well as river channels, developed natural levees, but these were generally of lower and
narrower stature than those of the large river channels. Levees of the south-central
Delta, particularly those of smaller river channels and distributary sloughs, were
comparatively low and narrow, and in many cases topped by high tides. The natural
vegetation along these channels was distinct from other Delta areas, predominately tule
marsh and willows or willows alone.

The natural levees and other elevated landforms supported plant assemblages that
distinctly differed from those of the backswamp, primarily described above. The
majority of plants occupying the Delta’s levees were adapted to drier conditions than
those of the backswamp. Thompson (1957, pp. 52-53) surmises that “[t]his natural levee
cover consisted of coarse bunch grasses, willows, blackberry and wild rose thickets, and galleries
of oak, sycamore, alder, walnut and cottonwood...Fine groves occupied the more southerly San
Joaquin River distributary banks.”

Early maps of the confluence of the Sacramento and San Joaquin Rivers and of the
Sacramento River between the confluence and Sacramento show by way of map
symbols that trees were present along nearly every major slough and channel in areas
with well-developed levees (Ringgold 1852). Willows and tules were present on levees
that were not well-developed. Ringgold’s engravings graphically depict the riparian
zone that greeted the visitor near the current junction of Steamboat Slough, Cache
Slough, and the Sacramento River (Figure 11-O).

The riparian zone along Delta levees was widely described by early explorers, viz.,
“[e]ach branch [of the river] is covered with trees on both banks, of various kinds and very large
(Abella 1811 in Cook 1960, p. 264). Travelling up the Sacramento River from its mouth,
“[t]he marsh land now gave way to firm ground, preserving its level in a most remarkable
manner, succeeded by banks well wooded with oak, planes, ash, willow, chestnut, walnut, poplar,
and brushwood. Wild grapes in great abundance overhung the lower trees, clustering to the
river, at times completely overpowering the trees on which they climbed...Our course lay
between banks...These were, for the most part, belted with willow, ash, oak, or plane (plantanus
occidentalis) [sycamore], which latter, of immense size, overhung the stream” (Belcher 1837 in
Pierce and Winslow, pp. 38-46). An early resident described conditions prior to the
Gold Rush, writing: “In passing through the narrow Steamboat Slough (then called Merritt’s)
the branches of the large Sycamore tree growing at the rivers edge met and formed an almost
continuous arch overhead. From the Slough up, the trunks and branches of the trees protruded
from the bank far out over the river on each side” (Grimshaw 1848 in Kantor 1964).

7
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Figure 1I-O
Sketch of the Lower Sacramento River
in the Delta

West Fork.

Midd e For.- Scacramento River

Martes lor entering the Sacramento and its borks at their confliciee:

Muddle Fork.

West Fork

Mark tor entering the sceond section of the Middle torke of'the Sacrametito Liver

Sketch of the Sacramento River channel and riparian zone near current day
confluence with Steamboat Slough.
Source: Ringgold 1852
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Single and clustered sandy mounds represented the highest feature of the Delta
landscape, rising as much as 17 feet above mean swamp level. Atwater’s maps suggest
they were quite common and most numerous in the west-central portion of the Delta,
near Old River and Knightsen-Oakley (Atwater 1982), and were identified in 1833 on an
early Delta map (Figure II-L).

V.A.4. Habitat Connectivity

The natural connectivity among Delta habitats was maintained by water movement,
and the movement and activities of organisms. Although somewhat isolated by high
natural levees, the larger river channels were nonetheless intermittently connected to
nearby intertidal wetlands by a series of distributary channels that occasionally joined
the river channels. Waters were also exchanged periodically through floods. Much of
the abundant wildlife of the area moved among habitats, feeding in one area and
resting (or being preyed upon) in others. These processes promoted the regular
exchange of nutrients and energy among major habitat types of the Delta. With the
exception of some of the elevated landforms (e.g., sand mounds, alluvial ridges, point
bars) and their riparian vegetation, the intertidal wetlands existed as comparatively
large, continuous areas, with few natural barriers to the movement of water, sediment
or organisms.

V.A5.  Associated Biological Assemblages

Our knowledge of the habitat distribution and movement patterns of the native biota of
the region is fragmentary and incomplete, derived largely from anecdotal historical
accounts rather than systematic scientific surveys that would allow between-habitat
comparisons. Therefore, the biota of the natural Delta ecosystem is described here as a
single community, rather than by habitat-specific assemblages as was done for the other
ecosystem types discussed. Many, if not most, of the larger animals probably
frequented all of the habitat types discussed, although there clearly are some distinctive
differences in some of the characteristics of certain taxa associated with each. Where
appropriate and documented, these are pointed out.

The precise nature of the historical benthic (both subtidal and intertidal) invertebrate
fauna of the natural Delta remains for the most part speculative. However, as is
generally typical of such areas, it is likely that the rich organic sediments of the
backswamp were home to an abundant assemblage of scavengers and detrital feeders,
along with filter-feeding planktivores. As is true today, animal assemblages of the
water column in the natural Delta probably consisted mainly of zooplankton and fishes,
and varied both spatially and temporally (daily, seasonally, and annually), depending
on habitat type, depth, benthic characteristics, transparency, current velocity, and

2-68



Chapter Two

salinity. The zooplankton was naturally composed of four main groups: ciliate
protozoans, rotifers, copepods, and cladocerans (Allen 1920).

Historically, the Delta’s native fish fauna was composed of a mixture of freshwater,
estuarine and anadromous species, which, with the exceptions of the Delta smelt
(Hypomesus transpacificus) and longfin smelt (Spirinchus thaleichthyes), also commonly
occur in fresh or marine waters outside the estuary. Marine species, although frequent
downstream of the Carquinez Strait, seldom stray east of that location. Most native
fishes of the Delta were unusually large freshwater minnows with a capacity to defer
spawning under adverse environmental conditions, redirecting energy to body growth
rather than reproduction. This group includes the Sacramento splittail (Pogonichthyes
macrolepidotus), Sacramento squawfish (Ptychocheilus grandis), hitch (Lavinia exilicauda),
Sacramento blackfish (Orthodon microlepidotus), hardhead (Mylopharodon conocephalus),
thicktail chub (Gila crassicauda), and Sacramento sucker (Catastomus occidentalis)
(Herbold et al. 1992). A second group of more advanced fishes spawn each year and
tend to show a high degree of early parental care. These include the prickly sculpin
(Cottus asper), Sacramento perch (Archoplites interruptus), and tule perch (Hysterocarpus
traski). In addition to the resident species, anadromous fishes (salmon, steelhead, and
sturgeon) passed through the Delta on their migrations between upstream spawning
grounds and the sea.

The precise historical distribution/abundance patterns of these fishes in the Delta is
unknown, but the presence of their remains in Indian middens suggests that they were
common in the general region when the Delta was still a largely undisturbed intertidal
swamp. A prehistoric midden, located on the south shore of Stone Lake, 2 miles east of
Hood in southern Sacramento County contained remains of 12 species of fishes
representing 804 individuals (Schulz and Simons 1973). Listed according to relative
abundance, these are: the Sacramento perch (51%), hitch (20%), thicktail chub (12%),
splittail (6%), Sacramento sucker (6%), Sacramento blackfish (1%), Tule perch,
hardhead, Sacramento squawfish, chinook salmon, sculpin, and sturgeon. The
Sacramento perch, the most abundant, inhabited quiet sloughs off the main channels
(Turner 1966) and was once abundant (Moyle 1976b). However, it was reportedly quite
rare by the turn of the century. Their decline has been attributed to the introduction of
carp and catfish and the reclamation of the marshes (Rutter 1908). The hitch was the
second most abundant species and predominantly inhabited sloughs and slow water. In
the mid-19th century, it was reported throughout the Central Valley (Rutter 1908), but
has declined since (Moyle 1976b). The thicktail chub, the third most abundant,
inhabited lowland streams, overflow ponds, marshes, and lakes and is today extinct,
reportedly due to land reclamation and introduced species (Miller 1963, Schulz and
Simons 1973).
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The abundance and diversity of game animals and birds in the Delta have been well
described and documented in numerous early accounts of the region. These narratives
leave little doubt that in this sense, the Delta was probably the richest ecosystem of the
watershed. An early Fish and Game Commission biennial report states: “That portion of
the Sacramento and San Joaquin Delta before the era of reclamation was a veritable paradise for
wild fowl, and to a great extent still furnishes a food supply for a large number of ducks, geese,
swan, sandhill cranes, and other waterfow!” (Skinner 1962, p. 139). Grizzly bears, tule elk,
deer, tundra swan, ducks and geese of several types, along with a wider assortment of
other waterfowl were also plentiful here, and these populations supplied bargeloads of
fresh meat for San Francisco markets of the last half of the 19th century (Cohen 1991).
The Delta also supported large numbers of river otter, bobcat, raccoon, mink, and
skunk, as well as turtles and golden beavers (Grinnell et al. 1937, Maloney 1945). Other
animals, including coyotes, badgers, skunks, ground squirrels, gophers, cottontails, and
jack rabbits were reportedly observed in the tules, although these were undoubtedly
more common along the drier peripheries of the Delta (Thompson 1957). Hunters of
Delta animals attested to the abundance of mosquitoes throughout the wetlands
(Skinner 1962).

There is no historical information available on the phytoplankton composition of the
Delta. Today, these assemblages are dominated by diatoms. In the historical Delta, as
today, surface plants such as duckweed often formed dense mats in areas of minimal
water movement, thereby limiting the abundance and distribution of benthic
macrophytes by shading.

V.B. Ecosystem Function: Supporting and Integrating Processes
V.B.1. Hydrogeomorphic Processes

The area generally referred to as “the Delta” actually represents the merging of two
distinct river deltas which, like the rivers that formed them (Sacramento and San
Joaquin), had somewhat distinctive characteristics. The Sacramento River was
characterized by comparatively high flows and sediment loads. During large floods,
silts and sands were deposited adjacent to the river channels forming high and wide
natural levees that tended to somewhat isolate the river from the low-lying wetlands
beyond. In contrast, San Joaquin River flood flows were smaller, carrying and
depositing less sediment. As a result, natural levees in the south-central Delta were
lower and narrower, and high water was distributed over a flatter topography. This led
to many of the systematic differences in the extent and character of the wetlands in the
northern versus south-central Delta described above. The soils of the Delta were
formed from a combination of peat and inorganic sediments. Throughout the south-
central Delta, the main natural accretionary mechanism has been peat formation. Here,
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peat soils up to 40 feet thick overlay layers of marine sedimentary muds, sands, shales,
and rock. Soils are typically at least 90% peat by wet volume (Atwater et al. 1979,
Atwater and Belknap 1980). In the northern Delta, the layer of primarily peat soils is
considerably thinner, and the inorganic fraction also typically higher.

Most of the inorganic sediment delivered to the estuary as a whole was in the form of
suspended alluvial deposits provided by the Sacramento River. A portion of the bed
load was funneled into the northern Delta channels through distributary channels,
while some of the suspended load was captured in the backswamps of the northern
Delta when levees overtopped (Gilbert 1917). Lower volumes of inorganic alluvial
sediments were delivered to the estuary from San Joaquin River discharge. The amount
of this captured by intertidal wetlands of the southern and central Delta appears to have
been minimal. Most appears to have been resuspended by wind-driven turbulence, and
eventually passed through the Delta and to the lower estuary before settling out
(Atwater, personal communication). Through equilibrial mechanisms not well
understood, the plane of the swamps and marshes was maintained at a level closely
approximating mean high tide (Atwater 1980a). This is a generally “typical” condition
for such environments, and presumably represents the net results of processes that
equilibrate deposition, erosion and subsidence in tidal marshes (Pestrong 1972).

Two of the most ecologically influential factors in estuarine environments - water
movement and salinity gradient - are primarily determined by the complex interactions
of tides, topography, and freshwater discharge from the riverine system. Under normal
outflow conditions, tides exert a strong influence on water movement in the Delta.
Tides affect two aspects of water movement - changes in surface level and changes in
direction and volume of flow. Two high and low tides of unequal magnitude (mixed
semi-diurnal) exchange water between the Delta and the Bay each day. At the Delta-
Suisun Bay junction, typical summer tidal flows are on the order of 330,000 cfs. As
rivers discharge into the zone of tidal influence, high flows (i.e., > 60,000 cfs) may
negate changes in water surface level that would otherwise follow the change in tides,
while under low outflow conditions, unidirectional flow in the large river channels may
cease, becoming bi-directional in response to the tides. When high freshwater outflows
block salinity incursion at Carquinez Strait and Suisun Bay, the Delta becomes further
isolated from the saline conditions that typify the lower part of the estuary.

a. Delta Outflow. Although Delta outflow under natural conditions is of great interest,
it is not accurately estimated given the available data. Hall’s estimated flows for the
Sacramento River at Collinsville for the period 1879 to 1885 ranged from 18 to 32 MAF
and are probably the earliest attempt at estimating a major portion of Delta outflow
(Hall 1886a). Recent estimates of Delta outflow under “natural’”” conditions have been
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derived from water balances. Estimated natural plant transpiration losses are
subtracted from unimpaired runoff and precipitation estimates for the 20th century, the
only period for which measured stream flows are available. This “water budget”
approach estimates what the mean annual Delta outflow would have been during the
20th century in the absence of human interference in system hydrology - a value
assumed to be roughly equivalent to what the natural outflow was around 1850. Using
this method, Vorster (1998, in preparation) calculated an estimated mean annual
outflow for this report of about 23 MAF, Fox (1987, revised by personal communication)
of 12 to 25 MAF, and Williamson et al. (1989) of about 24 MAF. The variation in these
different estimates is primarily attributable to values assigned to estimated areal extent
of different vegetation types and their transpiration rates.

Using an unrelated approach, Ingram et al. (1996) converted paleosalinity estimates at
sites in San Francisco Bay into estimated “paleo-discharge” values for the Delta. The
results of that analysis are somewhat incongruous with those of the water balance
approach. Analyses of cores from San Pablo Bay translate into an estimated mean
annual Delta outflow value of 1250 m3/s, or about 32 MAF, for the past 700 years. That
value is higher than the water budget estimates cited above, particularly in light of the
fact that the 20th century runoff period on which the water budget estimates are based
is one of the wetter periods of the last 700 years (Stine 1994, 1996), but are more
consistent with Hall’s estimates. All of these estimates, however, are fraught with
uncertainties.

b. Salinity. The Delta received its freshwater supply from the Sacramento,
Mokelumne, Calaveras, Cosumnes and San Jo